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The hypoxia inducible factor 1 (HIF-1) is an important transcription factor for cell 
survival in low oxygen concentrations. A variety of methods have been employed to selectively 
target this HIF pathway toward cancer therapies. A certain benzopyran-based scaffold, of lead 
compounds KCN1 and 64b, has been further explored to gain insights into the mode of action of 
those inhibitors. Utilizing established small molecule inhibitors as leads, novel inhibitors have 
been designed with improved potency and solubility, while only requiring two to five steps for 
synthesis. Qualitative structure-activity relationships developed in this work have contributed to 
the scientific development of other, even more therapeutically relevant small molecule inhibitors. 
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1 INTRODUCTION AND REVIEW OF HYPOXIA INDUCIBLE FACTOR 1     
(HIF-1) AND ITS INHIBITORS  
This first chapter serves as an introduction and mini-review of the hypoxia inducible factor and 
several novel inhibitors. 
1.1 Introduction 
Hypoxia refers to a condition in which cells have no or limited oxygen supply. As a result 
of this low concentration of oxygen, there are mechanisms in place that allow the cell to continue 
to function and survive as normal. Particularly, the hypoxia inducible factor is one useful 
transcription factor that regulates the expression of genes involved in a variety of characteristics 
that help cells and tissues survive under this hypoxic stress. To gain a better understanding of 
how hypoxia affects the cell at large, it is necessary to explore the purpose and function of the 
Hypoxia Inducible Factor-1 (HIF-1). We are also interested in utilizing HIF as a cellular target 
for the treatment of cancers using synthetic small molecules. Therefore, a brief update of several 
novel inhibitors has been included in this mini review. 
1.2 HIF Pathway and Regulation 
1.2.1 HIF Structure and Function 
Hypoxia Inducible Factor-1 is one of three members of the HIF family of transcription 
factors (along with HIF-2 and HIF-3) that is vital for oxygen sensing in mammalian cells1. HIFs 
are heterodimeric proteins with an α subunit tightly regulated by oxygen, allowing for a short 
half life of only 5 minutes or less2. Alternatively, the β subunits are constitutively expressed and 
remain at constant levels within the cell.  HIF-1, which has been studied more extensively and, 
unlike it’s counterparts, is present in most of the studied mammalian cell types2b,3, is the isoform 
of focus throughout this review. Both HIF-1α and β subunits have important basic-helix-loop-
2 
helix (bHLH) and PAS motifs important for heterodimerization and DNA binding3. Additionally, 
HIF-1α has two important domains that account for the protein’s transcriptional activity and 
regulation4. The C-transactivation domain (C-TAD) binds to p300 and related co-activators to 
activate gene transcription4-5. The N-TAD is located within the oxygen-dependent degradation 
domain (ODDD), which contains the primary sites of HIF1α’s oxygen regulation and will be 
discussed in detail later. 
1.2.2 HIF Pathway in Normoxic Conditions 
Normal, non-cancerous cells require HIF-1 because the diffusion of oxygen from blood 
capillaries may not allow fully functional oxygen levels to all cells at all times. It is known that 
HIF-1α and its analogue HIF-2α are required for embryonic development and survival, as mice 
embryos without the gene die in utero6. This knowledge grants us an understanding of just how 
vital HIF-1 is, and that it is indeed necessary for many mammalian life forms.  
 
Figure 1.1 HIF-1 Regulation in Normoxic Conditions 
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While it is of grave importance that cells have the capability to respond to hypoxic 
conditions, this defense mechanism is not always required. For that reason, the hypoxia inducible 
factor is regulated in normoxic (normal oxygen pressure) conditions by a number of enzymes 
and other proteins. When oxygen is present, the oxygen-dependent protein prolyl hydroxylase 
(PHD) dihydroxylates HIF-1α in the cytosol of the cell on the protein’s 402 and 564 proline 
residues. PHDs are Iron (II) dependent enzymes that take oxoglutarate as a co-substrate and 
oxygen to hydroxylate the gamma carbon of the proline residue through a highly reactive 
Fe(IV)=O species7. This post-translational modification causes the protein to bind to the Von 
Hippel Lindau (VHL) factor, part of an E3-ubiquitin ligase complex which proceeds to 
polubiquitinate the subunit, tagging it for destruction by the cell’s proteasome8 (Figure 1). 
1.2.3 HIF Pathway in Hypoxic Conditions 
Since oxygen is required for prolyl hydroxylase to function, when oxygen isn’t present in 
a hypoxic tumor micro-environment, HIF-1α does not become hydroxylated and is free to bind to 
HIF-1β forming HIF-1 (Figure 2). Although already a heterodimer, the HIF1 protein is most 
active when its cofactor, p300 (also called EP300 or E1A binding protein p300) has bound, 
forming the HIF1 complex. P300 is a member of the p300-CBP (CREB-Binding Protein) family, 
which is responsible for increased expression of its target genes. It is a transcription coactivator 
that performs its function by relaxing histones in such a way that allows transcription factors and 
other proteins to bind to DNA.9 Upon interaction with p300 the active transcription factor binds 
to the specific hypoxia-responsive element (HRE) present on the gene regulatory sequence. This 
action sparks transcriptional activation of one of over 100 known genes activated by HIF-1, 
making it an appealing target for inhibition and regulation10.  
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Figure 1.2 HIF-1 Pathway in Hypoxic Conditions 
 
1.3 Target Genes 
As a result of formation of the HIF-1 complex and subsequent binding to a specific HRE 
sequence of DNA, a variety of genes are activated for transcription. These genes may include 
those involved in angiogenesis, erythropoiesis, cell metabolism, cell survival, proliferation, and 
metastasis1a, 4b, 10. Although each of these processes are highly complex in a living system, each 
of these genes can have huge ramifications, particularly as it relates to cancerous tumors. 
Angiogenesis is the process by which new blood vessels grow from existing blood vasculature11. 
HIF-regulated genes such as nitric oxide synthase (NOS), growth factors like vascular 
endothelial growth factor (VEGF), transforming growth factor-β3 (TGF-β3), and angiopoietins 1 
and 2 stimulate cell growth. Erythropoiesis is the related function described as the formation of 




1.4 HIF as a therapeutic target for cancer 
Poor blood vasculature is a common feature of many solid tumors due to inefficient 
formation of blood vasculature. Oxygen is unable to be effectively delivered to many of these 
cells, resulting in an increase in the levels of HIF-1α. It is reasonable to assess that in an 
otherwise healthy individual, HIF-1α will only be overexpressed in tumorous, highly 
proliferative cells, making it an attractive target for small molecule inhibitors10. 
1.5 HIF Inhibitors 
Given the pathway previously described, there are a number of ways to inhibit HIF1α’s 
activity, including inhibiting its mRNA expression, protein translation, accumulation/stability, 
heterodimerization with HIF1β, transcriptional activity, or DNA binding12. Various inhibitors 
and their mechanisms of action have been extensively reviewed, with several analogues now in 
clinical trials4b, 12b, 13. This section will focus on those that have only first been published within 
the last five years (2012-2017). 
1.5.1 HIF1α protein translation 
Known Histone Deacetylase (HDAC) inhibitor vorinostat was found to inhibit HIF1α 
translation in a PHD-independent manner, but instead via eukaryote Initiation Factor (eIF3G)14. 
It appears that by inhibiting HDAC-9, vorinostat represses HIF1α translation, possibly with the 
help of yet another (so far) unidentified protein.  
1.5.2 HIF1α accumulation/stabilization 
BAY 87-2243 (1-Cyclopropyl-4-{4-[(5-methyl-3-{3-[4-(trifluoromethoxy)phenyl]-1,2,4-
oxadiazol-5-yl}-1H-pyrazol-1-yl)methyl]pyri-din-2-yl}piperazine), discovered by Bayer Pharma 
in 2013, has been observed to reduce HIF1α reporter activity (IC50 = 0.7 nM) under hypoxia as 
well as CA-9 protein levels (IC50 = 2.0 nM) in in vitro assays.15 Additional studies were 
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performed on a lung tumor xenograft in a mouse model without any significant signs of toxicity 
or weight change. It was revealed that BAY 87-2243 inhibits Complex I of the mitochondria, in 
turn reactivating PHDs under hypoxia and increasing regulation of HIF1α. 
Following structure elucidation of verucopeptin by Yoshimura et al. in 2015, researchers 
determined its mechanism of action likely involved HIF1α stabilization, considering its 
decreased presence in Western blot analysis. Ultimately, they revealed that verucopeptin inhibits 
the mTORC1 pathway, which may regulate the translation of HIF16. 
1.5.3 Heterodimerization 
Miranda et al. presented cyclic peptide cyclo-CLLFVY and its analogues as novel 
inhibitors of HIF with an IC50 value of 1.3 µM in an ELISA assay. They further determined the 
peptide targeted HIF1α over HIF1β using Western blot analysis and demonstrated preferential 
binding to the PAS-B domain of HIF1α over PAS-A domain or HIF2α17. 
1.5.4 Transcriptional Activity 
Among the most potent HIF inhibitors discovered to date include the indenopyrazoles 
designed and synthesized by the lab of Nakamura and published in 2013. Compound 2l was the 
most potent, inhibiting HIF in an HRE-Luciferase assay with an IC50 of only 14 nM in HeLa 
cells. Though cytotoxic on various cell lines, these inhibitors did not affect accumulation of 
HIF1α or heterodimerization with HIF1β, leading them to believe they only affect transcriptional 
activity of the complex, or DNA binding18. 
Several pyrroloiminoquinone natural products were discovered with IC50 values ranging 
from 0.73 to 35 µM in a HIF1α/p300 screening assay19. 
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1.6 Conclusions 
Hypoxia Inducible Factors, particularly HIF-1, is an important transcription factor in 
oxygen sensing within healthy cells, but also leads to high proliferation in hypoxic cancerous 
cells. These hallmarks make it an attractive target for small molecule inhibitors to selectively 
inhibit hypoxic cancer cells without requiring toxicity to cells, highly proliferative or otherwise. 
Several novel inhibitors have been developed to exploit various parts of the HIF transcriptional 
pathway, and may lead to the development of new drugs. 
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2     EXAMINING THE STRUCTURE-ACTIVITY RELATIONSHIP OF 
SULFONAMIDE INHIBITORS OF THE HYPOXIA INDUCIBLE PATHWAY 
Reprinted from Bioorganic and Medicinal Chemistry Letters, Vol 27, Jalisa Ferguson, Zeus De 
Los Santos, Narra Devi, Erwin Van Meir, Sarah Zingales*, and Binghe Wang*. Examining the 
structure-activity relationship of benzopyran-based inhibitors of the hypoxia inducible factor-1 
pathway, 1731-1736, Copyright (2017), with permission from Elsevier. 
2.1 Abstract 
Many forms of solid tumor have a characteristic feature known as hypoxia, which 
describes a low or non-existent presence of oxygen in the cellular microenvironment. This 
decrease in oxygen causes activation of the hypoxia inducible factor (HIF) pathway, which 
activated the transcription of many genes that cause cell proliferation, metastasis, increased 
glycolysis and angiogenesis. Increased HIF expression has been linked with poor patient 
prognosis, increased malignancy, and therapeutic resistance. Previous work in our lab has 
identified compounds 1 and 2 as inhibitors of the HIF pathway, specifically as disrupters of the 
p300-HIF-1α complex formation. A library of sulfonamide analogs have been designed and 
synthesized with the intent of examining the SAR of this series of compounds and improving 
potency and physicochemical properties as compared with lead compounds 1 and 2. At the end, 
we have achieved a thorough understanding of the structural features critical for future 
optimization work. 
2.2 Introduction 
Hypoxia is a condition in which the availability of oxygen to a tissue is reduced from 
normal physiological levels. Many types of solid tumors display regions with low partial oxygen 
pressure or even anoxia due to abnormal vasculature and reduced blood flow.1 Under these 
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conditions, the hypoxia inducible factor (HIF) pathway is activated and leads to the 
transcriptional activation of a number of genes that mediate adaptive responses to hypoxia, 
including cell metabolism, cell motility, and angiogenesis.2 One of the main transcription factors 
driving these responses is hypoxia-inducible factor 1 (HIF-1). HIF-1 is a basic helix-loop-helix 
motif heterodimeric transcription factor comprised of two subunits: HIF-1α and HIF-1β. Under 
normoxic conditions, human HIF-1α is hydroxylated by the enzyme prolyl hydroxylase 2 
(PHD2) on two proline residues (402 and 564) that mediate the interaction of the HIF-1α oxygen 
degradation domain with the von Hippel-Lindau tumor suppressor protein (VHL), which serves 
as an E3 ubiquitin ligase and marks the protein for degradation by the proteasome.3  
Under hypoxic conditions, HIF-1α is not dihydroxylated, which abrogates VHL binding 
and prevents its degradation; thus PHD2 acts as an oxygen sensor to stabilize HIF. Under 
hypoxia, HIF-1α binds to HIF-1β, and the heterodimer translocates to the nucleus, where it binds 
to specific DNA sequences in the promoters of hypoxia-regulated genes. Following HIF binding 
to these hypoxia response elements (HRE), p300/CBP histone acetyl transferases are recruited, 
which opens the chromatin, recruits the RNA polymerase machinery and activates the 
transcription of HIF target genes, including VEGF (vascular endothelial growth factor), EPO 
(erythropoietin), GLUT1 (glucose transporter 1), LDH-A (lactate dehydrogenase), and NOS 
(nitric oxide synthase).4 The activation of the HIF-1 pathway is associated with several types of 
cancer and is also related to low success rates of various treatment methods.5 Therefore, 
inhibition of the HIF-1 pathway is recognized as a viable approach to the development of anti-
cancer agents. 
Toward the goal of finding small-molecule inhibitors of the HIF pathway, an HRE-
alkaline phosphatase assay was designed to screen a library of 10,000 compounds from a 2,2-
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dimethylbenzopyran combinatorial library.6 The HRE-alkaline phosphatase assay used human 
glioblastoma cells (LN229-HRE-AP cell line) stably transfected with an alkaline phosphatase 
reporter under the control of a minimal CMV promoter and an engineered hypoxia-activated 
enhancer constituted of 6 copies of the HRE (hypoxia response element) from the VEGF gene.7 
This initial screening yielded a few promising hits, with the lead compound identified as 1 
(Figure 2.1a) having an IC50 of ~0.6 µM.8 Compound 1 was then taken to preliminary in vivo 
studies, where nude mice were implanted with LN229 glioblastoma cells on their hind flanks. 
After 1 week, the mice were either injected with 1 (60 mg/kg; 5 days/week) or vehicle (DMSO) 
for 10-12 weeks until the mice had to be terminated due to large size of tumors in the control 
group. On average, a 6-fold difference in tumor size was observed between the treatment and 
control groups, and some of the tumors disappeared completely. The treatment group did not 
appear to suffer negative side effects from 1 treatment, suggesting that 1 is well tolerated.9  
With 1 as the original lead compound, our laboratory began synthesis of a library of over 
100 analogs. This initial library of analogs was screened against a human glioblastoma cell line 
(LN229-HRE-Lux), with a luciferase reporter under the control of the same hypoxia-inducible 
promoter as above. From this initial study, N-cyclobutyl-N-((2,2-dimethyl-2H-pyrano[3,2-
b]pyridin-6-yl)methyl)-3,4-dimethoxybenzenesulfonamide 2 (Figure 2.1b) with IC50 of ~0.25 
µM was identified as the optimized lead for further study.10 With such promising results from 
these initial studies, we report herein our further lead optimization and broadening of the library 




Figure 2.1 a) lead compound 1 b) lead compound 2 
 
2.3 Results and Discussion 
Lead compounds 1 and 2 were divided into 4 parts (Figure 2.1): the left-hand core (A, 
red), the N-substituent (B, green), the right-hand ring (C, blue), and the linker (D, violet). 
Analogs were designed and synthesized based off of modifications of 3 of these parts, namely 
the A, B, and C rings.  In total, 6 classes of analogs, for a total of 42 compounds, were devised as 
described in Table 2. Classes 1A-1C are analogs of 1: Class 1A has the A ring modified (3a-g); 
Class 1B has both the B and C rings modified (4a-f) and features one analogue with a 
hydrogenated 2,2-dimethylpyranobenzene A ring (4f); Class 1C has modifications to both the B 
and C rings (5a-n), with two analogues, namely 5m and 5n, that have the hydrogenated 2,2-
dimethlpyranobenzene. Classes 2A-2C are analogs of 2: Classes 2A and 2B have, respectively, 
the A (6a-i) and both B and C (7a-f) regions modified; while 7d and 7e have the hydrogenated A 
ring. 
15 
Table 1 Classes of Compounds Synthesized 
 
A general 2- or 3-step reaction sequence was followed in the synthesis of the analogs 
(Figure 2.2). First, reductive amination of aldehydes 8 (either commercially available or 
synthesized from literature procedures, Schemes S1-S2) with various primary amines yielded 
secondary amines 9. These secondary amines were then sulfonylated with various sulfonyl 
chlorides to yield sulfonamides 3-7. Some of these sulfonamides were hydrogenated to yield 
final products. 
 
Figure 2.2 Scheme 1. Synthesis of analogs. 
 
All 42 of the analogs were evaluated for their inhibitory effects on HIF-1-mediated 
transcription under hypoxic conditions on human glioma cells LN229-HRE-Lux. Each 
compound was tested against 2 as positive control and IC50 values were determined. The 


















2.3.1 Class 1A 
Class 1A analogs were designed to probe the importance of the features of the phenyl A 
ring to the activity of 1 (Table 3). The first part of the A ring examined was the double bond in 
the pyran ring. In many cases, double bonds are not preferred in therapeutics because of the 
possibility of activation and/or metabolism by cytochrome P450 (CYP) monooxygenases in the 
liver, which can lead to hepatotoxicity in vivo.11 For 3a (IC50 = 0.98 µM), the hydrogenated 
analog of 1, removal of the double bond resulted in only a small decrease (1.5-fold) in activity, 
which suggests that the double bond is not essential for HIF-1 inhibition. Next, various 
substituents were introduced on the phenyl ring. Products 3b-3d (IC50 = 3.3, 3.2, 3.1 µM) had 
decreased activities by about 5-fold, which suggests a somewhat size constrained binding pocket. 
Next, the point of attachment of the chromene ring was examined by changing it from carbon 6 
to carbon 8, 3e (IC50 = 1.8 µM), which resulted in a 3-fold decrease in activity, confirming 
attachment at carbon 6 to be important. Finally, two other fused ring systems were synthesized, 
3f-3g, with IC50 values greater than 5 µM, thus confirming the need for the chromene moiety in 
the A ring. 
Table 2 HIF Inhibition by Class 1A Analogs 
 









































2.3.2 Class 1B 
Class 1B analogs were designed to probe the activity of the moieties on the C ring (Table 
4). In our previous work, it was determined that removing the 3’-methoxy group from the C ring 
resulted in little to no loss of activity (4e, IC50 = 0.6 µM).10 We further probed the activity of this 
site by removing the 4’-methoxy, 4a (IC50 = 1 µM), which resulted in a small 1.7-fold decrease 
in activity. Next the 4’-monomethoxy was substituted for a 4’-trifluoromethoxy moiety, 4b (IC50 
= >5 µM), which resulted in a loss of activity. Other modifications that incorporated 
electronegative atoms such as fluorine 4c (IC50 = >5 µM) or an electron-withdrawing group like 
cyano 4d (IC50 = >5 µM) led to a complete loss of activity Thus, the methoxy substituent in the 
4’ position seems to be needed for optimal activity while the 3’-methoxy is not. This further 
supports our model that the 4’-methoxy is likely involved in hydrogen bonding to LYS350 of 
P300.12 The 4’-monomethoxy compound 4f (IC50 = 3.2 µM), in comparison with its non-
hydrogenated form 4e (IC50 = 0.6 µM), decreased in activity by 5-fold. This initial result 
suggests the role of the double bond A ring is somewhat important for activity.  
Table 3 HIF Inhibition by Class 1B Analogs 
 






























2.3.3 Class 1C 
Class 1C analogs were designed to further probe the activity of the B and C rings and to 
try to introduce more polar groups in order to lower the clogP (Table 5). Although 5k (IC50 = 4 
µM) had a clogP of 3.7, it demonstrated a significant loss of activity. These results support our 
previous computational model, that suggests that the B ring points into a hydrophobic pocket.12 
Some of these analogues are hybrid 1/2 compounds, with the A ring from 1 and the B ring from 
2 (5a-f). In this combination, only 5a (IC50 = 0.75 µM) demonstrated activity below 1 µM. None 
of these hybrid compounds were as potent as 2. Analogues 5g-j were developed as analogs that 
contain the A ring from 1 and an N-cyclopentyl substituent, with varying C rings. Two of these 
compounds, 5g (IC50 = 1.5 µM) and 5i (IC50 = 3.0 µM) exhibited some activity in the luciferase 
assay, but with 3- and 6-fold decreases in activity compared to the 3,4-dimethoxysulfonyl 
compound 5j (IC50 = 0.5 µM), which we reported previously (Ref 10). The activity of 5l (IC50 = 
>5 µM) decreased in comparison with its non-hydrogenated counterpart 5k (IC50 = 4 µM). 
However, hybrid 5m (IC50 = 0.39 µM), was more potent than its non-hydrogenated counterpart 
5a (IC50 = 0.75 µM). The role of the double bond in the A ring is still unclear and may be studied 
further in the future. 
Table 4 HIF Inhibition by Class 1C Analogs 
 

























































2.3.4 Class 2A 
Class 2A analogs were designed to probe the importance of the features of the A ring to 
the activity of 2 (Table 6). The first strategy was to remove the fused ring feature altogether and 
determine whether a simple phenyl ring with various substituents would have activity. 
Unfortunately, only one such compound, 6b (IC50 = 3.9 µM), with a 4-methoxyphenyl A ring 
had any activity, and this activity was diminished by almost 14-fold from 2. Compounds 6a, c-f 
(IC50 = >5 µM) were considered inactive, which demonstrates the importance of the fused ring 
system to the activity. However, 6g (IC50 = 1 µM), an analog containing a morpholine 




















solubility is responsible for the activity of this compound. Next, other fused ring systems that 
contained oxygen were examined, 6h-i, (IC50 = 1.3, 3.5 µM). Both of these compounds showed 
decreased activity (by 2.5-fold to 6.0-fold when compared to 2). Overall, no suitable replacement 
for the A ring of 2 was found. 
Table 5 HIF Inhibition by Class 2A Analogs 
 





























2.3.5 Class 2B 
Class 2B analogs (Table 7) were designed to further probe the importance of the B and C 
rings to the activity of 2. None of the compounds with the conserved reduced A ring of 2 (7a-c) 
showed improved activity over 2; the best compound 7a (IC50 = 1.8 µM), with the 3’-methoxy 
removed, still lost potency by 6.4-fold, whereas a similar analog to 1 (4e) did not lose activity. It 
is interesting that 7d (IC50 = 0.25 µM), the hydrogenated form of 2, demonstrated slightly better 
activity compared to 2. Additionally, 7e (IC50 = 1.2 µM) demonstrated slightly better activity 
than its non-hydrogenated counterpart 7a (IC50 = 1.8 µM). This suggests that the double bond in 


















activity for analogs of 2. This suggests that 1 and 2 may bind to different sites or in different 
poses. Analogue 7f is the only example in this class that does not include a cyclobutyl ring, but 
instead offers a 3,4-dimethoxybenzeneethyl in the B position. As a result, the activity plummets 
compared to its fellow class members. 
Table 6 HIF Inhibition by Class 2B Analogs 
 
























2.3.6 Molecular Modeling 
Previously, compound 1 was computationally observed, as expected, to have several 
satisfactory interactions on two sites interfering with the p300-HIF-1α complex formation, 
disrupting the structure of p300 and inhibiting the binding of HIF-1α.12 In the studies presented 
here, the lowest energy conformation of 1 binds in the same site, making similar interactions 
with the amino acid residues of interest. For that reason, it is sensible to use this site for 

















understanding of the effect of molecular interactions between the 1 analogs and p300 on the HIF-
1 pathway inhibitory activity demonstrated in vitro, 10 of the analogs were subjected to flexible 
docking using AutoDock Vina,13 including the previously discovered lead 2. The first model of 
the NMR structure of p300-CH1/HIF-1α C-TAD protein complex (PDB entry code: 1L3E) was 
prepared using AutoDock by removal of the HIF-1α chain and Zn ions. The optimal ligand-
binding site on p300 was highlighted in a grid box based on the lowest energy conformation of 1. 
Specifically, the interactions between p300 and 1 are most profound via several key residues that 
are supported by previous studies.12 The A ring, which consists of a benzopyran moiety, not only 
has favorable hydrophobic interactions with Ile400 but also has hydrogen bonding between its 
oxygen and Ser401. As illustrated from Figure 2.3, the N-phenyl B ring is burrowed into the 
hydrophobic pocket, interacting with Ile400 and several Leucine residues. Finally, the 3,4-
dimethoxybenzene of the D ring interacts with Leu376, Thr380 and Gln352 residues; and 
Gln352 interacts specifically with the 4-methoxy group of 1, which we have previously reported 
as an important component for ligand binding in these sulfonamide analogs10. Two active (IC50 
value less than 5 µM) ligands were further examined due to their structural similarity to 1 and 
observed for any favorable or unfavorable interactions that might affect binding and, ultimately, 
activity in the binding site of p300. These compounds, along with 2, and their respective IC50 
values, and calculated binding affinities are summarized in Table 8.  
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Figure 2.3 Molecular docking image of 1 bound to p300 
 
Table 7 Docking results of 1, 2, and selected analogs 
Name IC50[a] Binding Affinity[b] 
1 0.59 -7.6 
3a 0.98 -7.5 
3e 1.8 -6.7 
2 0.28 -6.5 
 
Qualitative analysis of the docking images reveals some interesting commonality among 
many of the active analogues. Unsurprisingly, analog 3a, the hydrogenated version of 1, binds 
very similarly, conserving the Ser401 hydrogen bond and the other major interactions already 
discussed (Figure 2.4).  
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Figure 2.4 Molecular docking image of 1 (magenta), 3a (gray), 3e (cyan), and 2 (brown) 
bound to p300 
 
Alternatively, 3e is a structural isomer of 1, with the chromene ring attachment point at 
the 8-position instead of the 6-position. The docking study revealed that the two analogues share 
many of the same interactions with p300 amino acid residues, but are without the important 
hydrogen bonding with Ser401 (Figure 2.4). This could explain the weaker inhibition of 3e (IC50 
= 1.8 µM) compared with 1 (IC50 = 0.59 µM), in addition to the lower calculated binding 
affinity.  
Surprisingly, 2 has a low in silico binding affinity compared with 1, even though it has 
better in vitro activity in the luciferase assay. In the studies performed here, the lowest energy 
conformation of 2 was longitudinally flipped such that the benzopyran ring interacted with 
Leu376 and Met379 and formed a hydrogen bond with Thr380 (Figure 2.4). This leaves the 
dimethoxyphenyl group to interact with the Ile400 and His349. Having a relatively poor binding 
affinity of -6.5 kcal/mol, in spite of its extraordinary ability to inhibit HIF transcriptional 
activity, suggests that 2, and perhaps some of its more closely related analogs, do not bind in 
specifically the same way 1 does. To further explore this idea, nine of the active analogs (IC50 <5 
uM) that are more structurally similar to 2 were subjected to the same molecular docking as 
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discussed above. Seven randomly selected analogues of 2 were docked in the same manner, none 
of which showed any significant trend between binding affinity and IC50 value (Table S1, 
Figures S1-18).  This suggests that these analogs do not bind with this protein in the same 
manner as analogues of 1. 
2.4 Conclusion 
In conclusion, 42 analogs were synthesized. As illustrated in Figure 2.5, a qualitative 
structure-activity relationship (SAR) was developed. For the A ring, the 2,2-dimethyl chromene 
with either a N or C in the 5 position is important to the activity. Open ring structures are not 
well tolerated, with the exception of some 4-position moderately polar substituents. The double 
bond is not crucial for activity of compounds and can be eliminated with the result of better or 
only slightly decreased activity. For the B ring, only hydrophobic groups, such as aromatics or 
small aliphatic rings or chains are acceptable. Introduction of polar moieties in this position 
dramatically decreases the activity. For the C ring, 3’,4’-dimethoxy is still the best, with the 4’-
methoxy more crucial to activity than the 3’-methoxy. Molecular docking studies revealed that 
analogs more closely related in structure to 1 demonstrated better binding affinity, whereas 2 and 
other structures with the N-phenyl as the B ring, seem to bind elsewhere. This is based on the 
poor binding affinities observed when binding is limited to the site of 1. Such information will be 
important for the synthesis of future analogues. 
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Figure 2.5 Structure-Activity Relationship of Analogs 
2.5 Experimental 
General Chemical Methods and Materials 
All commercial chemicals were of reagent grade, obtained from VWR, Aldrich, or Oakwood 
Chemicals, and were used without further purification unless otherwise indicated. 1H and 13C 
spectra were obtained on a Bruker 400 NMR spectrometer at 400 and 100 MHz, respectively, in 
deuterated solvent with either TMS as internal reference (δ = 0.00 ppm) or solvent as reference. 
For all reactions, analytical grade solvent was used.  Anhydrous solvents were used for all 
moisture-sensitive reactions. High-resolution mass spectra were obtained by the Mass 
Spectrometry Facilities at Georgia State University. 
4-((2-Methylbut-3-yn-2-yl)oxy)benzaldehyde (10). In a 100 mL round bottom flask, p-
hydroxybenzaldehyde (2 g, 0.015 mol) was dissolved in dry acetonitrile (10 mL) and cooled to 
0oC under inert atmosphere with argon gas. DBU (9.0 mL, 0.06 mol) was added and the solution 
was allowed to stir for 30 min. 3-chloro-3-methylbut-1-yne (6.8 mL, 0.06 mol) was added 
dropwise. The solution was allowed to warm up to room temperature and stirred overnight. The 
solution was concentrated and extracted with ethyl acetate (100 mL). The organic solution was 
washed with HCl (1 M, 20 mL), NaOH (1 M, 20 mL), saturated NaHCO3 solution (20 mL), and 
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brine (20 mL) and was dried over Na2SO4. The organic layer was concentrated in vacuo and 
taken directly to the next step 
2,2-Dimethyl-2H-chromene-6-carbaldehyde (8a). Using the impure product 10 from the 
procedure above, the crude mixture was dissolved in N,N-dimethylaniline (<1 mL) and heated at 
170°C for 6 h. After cooling to room temperature, the organic layer was extracted with ethyl 
acetate (20 mL), and washed with 1 M HCl (20 mL x 3), saturated NaHCO3 solution (20 mL), 
and brine 20 mL), and was dried over Na2SO4. The organic layer was concentrated in vacuo. The 
product was purified using flash column chromatography. Ethyl acetate and hexanes were used 
as eluent (1:8). 37% yield over 2 steps. 1H NMR (400 MHz, CDCl3): δ 9.83 (s, 1H), 7.64 (d, J = 
8 Hz, 1H), 7.52 (s, 1H), 6.86 (d, J = 8 Hz, 1H), 6.37 (d, J = 8 Hz, 1H), 5.70 (d, J = 8 Hz, 1H), 
1.47 (s, 6H) ppm.  
2-Bromo-5-((2-methylbut-3-yn-2-yl)oxy)pyridine (11). 6-bromopyridin-3-ol (2 g, 0.015 mol) 
was dissolved in dry acetonitrile (10 mL) and cooled to 0°C under inert atmosphere with argon 
gas. DBU (9.0 mL, 0.06 mol) was added and the solution was allowed to stir for 30 min. 3-
chloro-3-methylbut-1-yne (6.8 mL, 0.06 mol) was added dropwise. The solution was allowed to 
warm up to room temperature and stirred overnight. The solution was concentrated and extracted 
with ethyl acetate (100 mL). The organic solution was washed with HCl (1 M, 20 mL), NaOH (1 
M, 20 mL), saturated NaHCO3 solution (20 mL), and brine (20 mL) and was dried over Na2SO4. 
The organic layer was concentrated in vacuo and taken directly to the next step. Crude 1H NMR 
(400 MHz, CDCl3): δ 8.24 (d, J = 3 Hz, 1H), 7.45-7.35 (m, 2H), 2.62 (s, 1H), 1.64 (s, 6H) ppm. 
6-Bromo-2,2-dimethyl-2H-pyrano[3,2-b]pyridine (12). Using the impure product 11 from the 
procedure above, the crude mixture was dissolved in N,N-dimethylaniline (<1 mL) and heated at 
170°C for 6 h. After cooling to room temperature, the organic layer was extracted with ethyl 
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acetate (20 mL), and washed with 1 M HCl (20 mL x 3), saturated NaHCO3 solution (20 mL), 
and brine 20 mL), and was dried over Na2SO4. The organic layer was concentrated in vacuo. The 
product was purified using flash column chromatography. Ethyl acetate and hexanes were used 
as eluent (1:8). 64% yield over 2 steps. 1H NMR (400 MHz, CDCl3): δ 7.14 (d, J = 8 Hz, 1H), 
6.90 (dd, J = 8, 1 Hz, 1H), 6.44 (dd, J = 8.4, 0.8 Hz, 1H), 5.86 (d, J = 8 Hz, 1H), 1.45 (bs, 6H) 
ppm. 
2,2-Dimethyl-2H-pyrano[3,2-b]pyridine-6-carbaldehyde (8b) The aryl bromide 12 (0.63 g, 
0.263 mol) was dissolved in dry THF (10 mL) under inert atmosphere with argon gas and cooled 
to -78oC in a dry ice/acetone bath. A solution of n-buLi (1.2 mL, 2.5 M in hexanes) was added 
dropwise and the reaction stirred for 1.5 hours. Anhydrous DMF (0.28 mL, 0.368 mol) was 
added and the reaction stirred for 2 hours. The reaction was allowed to warm to room 
temperature and was then quenched with a saturated NH4Cl solution. After the bubbling stopped, 
the organics were extracted with ethyl acetate. The aqueous layer was washed 3 times with ethyl 
acetate. The combined organic layers were washed with brine, dried over MgSO4, and 
concentrated in vacuo. The product was purified by flash column chromatography with ethyl 
acetate and hexanes as eluent (1:4). 57% yield. 1H NMR (400 MHz, CDCl3): δ 9.91 s, 1H), 7.74 
(d, J = 8 Hz, 1H), 7.11 (d, J = 8 Hz, 1H), 6.57 (d, J = 8 Hz, 1H), 5.99 (d, J = 8 Hz, 1H), 1.51 (s, 
6H) ppm. 13C NMR (100 MHz, CDCl3): δ 191.9, 153.7, 145.8, 141.3, 136.3, 123.4, 123.2, 123.0, 
78.67, 28.7 ppm. 
Typical procedure for reductive amination with cyclobutyl or cyclopentyl amine: Aldehyde (1 
equiv) was dissolved in anhydrous MeOH under N2. Cyclobutyl amine (1.05 equiv) was added 
and the reaction stirred overnight at room temperature. NaBH4 (1.6 equiv) was added and the 
reaction stirred for 1 hour.  The reaction was quenched with saturated NH4Cl, taken up in ethyl 
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acetate, washed with brine, dried over MgSO4, concentrated, and taken directly to the next step 
without further purification. 
Typical procedure for reductive amination with aniline: Aldehyde (1 equiv), NaBH4 (1.5 equiv), 
and InCl3 (0.15 equiv) were dissolved in anhydrous ACN under N2. Aniline (1.5 equiv) was 
added and the reaction stirred until completion by TLC (typically ~20 minutes).  The reaction 
was quenched with saturated NH4Cl, taken up in ethyl acetate, washed with brine, dried over 
MgSO4, concentrated, and purified by column chromatography. 
Typical procedure for sulfonylation: Amine (1 equiv) was dissolved in DCM and K2CO3 (2 
equiv) was added.  Sulfonyl chloride (2 equiv) was added. The reaction was stirred overnight at 
room temperature, then washed with brine, dried over MgSO4, concentrated, and purified by 
column chromatography. 
Typical procedure for hydrogenation: Alkene (1 equiv) and Pd/C (10 mol%) were dissolved in 
anhydrous MeOH. The reaction vessel was flushed 3 x H2 and then stirred overnight at room 
temperature.  The reaction mixture was filtered through celite, concentrated, and purified by 
column chromatography. 
General Procedure for in vivo testing 
LN229HRE-luc/lacZ cells (LN229 glioblastoma cells stably transfected with a bidirectional 
reporter construct pBIGL-V6R in which the firefly luciferase and LacZ reporter genes are under 
the control of 6 head to tail tandem copies of the VEGF HRE in rightward orientation) were 
described previously.9 Cells (30,000/well) were plated into 48-well plates, the next day the tested 
compounds were diluted in complete medium (DMEM with 4.5 g/l glucose supplemented with 
10% fetal calf serum, PenStrep, and non-essential amino acids) to indicated concentrations and 
300 µl were added to the cells (controls DMSO only). After pretreatment for 1 h in a regular cell 
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culture incubator, cells were transferred to a hypoxic incubator (1% O2) for 24 h and lysed in 50 
µl of 1 x Passive Lysis buffer (Promega) for 10 min. Luciferase activity was measured 
immediately after mixing 20 µl of lysate with 25 µl of Luciferase Assay Substrate (Promega) in 
20/20n Luminometer (Turner BioSystems) for 5 s. Assays were performed in triplicate and dose-
response curves were established for all tested compounds and IC50 values calculated from the 
slope. 
General Procedure for in silico docking 
Two-dimensional structures of selected ligands were drawn in Chemdraw and converted from a 
.mol file to a .mol2 file in Accelrys. Structures were then prepared in AutoDockTools 1.5.6 by 
giving Gasteiger charges and converting to .pdbqt file. The p300-CH1/HIF1α CAD protein 
complex (PDB: 1L3E) was prepared for docking by removing the HIF1α chain and Zn ions 
before making a .pdbqt file. Ligands were individually docked to p300 in the grid box at 
coordinates x-center = 10.13, y-center = -2.21, z-center = -7.084 and size x = 18, y = 24, and z = 
28. AutoDock Vina then calculated the lowest energy docking conformations, keeping p300 rigid 
(no flexible residues). 
N-((2,2-Dimethylchroman-6-yl)methyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3a) 
Yield: 72%. 1H NMR (CDCl3): δ 7.35 (d, J = 8.0 Hz, 1H), 7.23 (m, 3H), 7.02-6.93 (m, 5H), 
6.898 (d, J = 8 Hz, 1H), 6.61 (d, J = 8 Hz, 1H), 4.63 (s, 2H), 3.97 (s, 3H), 3.77 (s, 3H), 2.68 (t, J 
= 6 Hz, 2H), 1.75 (t, J = 6 Hz, 1H), 1.30 (s, 6H) ppm. 13C NMR (CDCl3): δ 153.5, 152.5, 148.7, 
129.8, 129.3, 129.2, 128.8, 127.7, 127.6, 126.9, 122.2, 121.4, 120.8, 117.0, 110.4, 110.4, 74.22, 
56.2, 56.1, 54.3, 32.7, 26.8, 22.3 ppm. HRMS (ESI) m/z calculated for C26H29NO5SNa [(M + 




(2:1) (3b) Yield: 81%. 1H NMR (CDCl3): δ 7.35 (dd, J = 8, 2 Hz, 3H), 7.20-7.18 (m, 9H), 6.98-
6.91 (m, 12 H), 6.69 (s, 1H), 6.66 (s, 2H), 6.55 (d, J = 8 Hz, 2H), 6.49 (s, 1H), 6.39 (d, J = 8 Hz, 
2H), 6.14 (d, J = 8 Hz, 1H), 5.64 (d, J = 8 Hz, 2H), 5.48 (d, J = 10 Hz, 1H), 4.67 (s, 4H), 4.64 (s, 
2H), 3.98 (s, 9H), 3.78 (s, 9H), 2.35 (s, 6H), 2.24 (s, 3H), 1.36 (s, 18H) ppm. 13C NMR (CDCl3): 
δ 152.7,152.5, 148.7, 138.9, 138.7, 138.5, 133.6, 131.4, 130.7, 130.0, 129.8, 129.2, 129.1, 128.7, 
128.6, 127.8, 125.5, 121.9, 121.6, 121.5, 120.2, 119.5, 118.7, 118.0, 113.7, 110.6, 110.6, 110.4, 
75.0, 56.2, 56.1, 52.9, 52.0, 28.0, 27.6, 19.2, 14.1 ppm.  HRMS (ESI) m/z calculated for 
C27H29NO5SNa [(M + Na)+] 502.1664, found 502.1657. 
3,4-Dimethoxy-N-phenyl-N-((2,2,8-trimethyl-2H-chromen-6-yl)methyl)benzenesulfonamide 
(3c)  Yield: 18% over 2 steps. 1H NMR (CDCl3): δ 7.34 (dd, J = 8, 2 Hz, 1H), 7.23-7.22 (m, 2H), 
7.02-6.97 (m, 4H), 6.94-6.92 (d, J = 8 Hz, 1H), 6.81 (s, 1H), 6.68 (s, 1H), 6.20 (d, J = 8 Hz, 1H), 
5.55 (d, J = 8 Hz, 1H), 4.59 (s, 2H), 3.97 (s, 3H), 3.77 (s, 3H), 2.08 (s, 3H), 1.38 (s, 6H) ppm. 
13C NMR (CDCl3): δ 152.5, 150.4, 148.7, 139.2, 130.7, 130.5, 129.2, 128.8, 127.7, 127.3, 125.4, 
124.2, 122.5, 121.4, 120.5, 118.5, 110.4, 110.3, 76.0, 56.2, 56.1, 54.3, 28.0, 15.4 ppm. HRMS 
m/z (ESI) calculated for C27H29NO5SNa [(M + Na)+] 502.1664, found 502.1657.  
N-((7-Bromo-2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-
phenylbenzenesulfonamide (3d) Yield: 81%. 1H NMR (CDCl3): δ 7.33 (dd, J = 8 Hz, 2 Hz, 
1H), 7.32-7.24 (m, 3H), 7.14 (s, 1H), 7.01-6.93 (m, 4H), 6.84 (s, 1H), 6.20 (d, J = 8 Hz, 1H), 
5.62 (d, J = 8 Hz, 1H), 4.58 (s, 2H), 3.97 (s, 3H), 3.77 (s, 3H), 1.44 (s, 6H) ppm. 13C NMR 
(CDCl3): δ 152.6, 149.2, 148.8, 139.0, 132.3, 131.7, 130.2, 129.3, 129.0, 128.9, 128.0, 125.5, 
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122.5, 121.8, 121.4, 110.4, 110.4, 110.1, 76.7, 56.2, 53.7, 28.0 ppm. HRMS (ESI) m/z calculated 
for C26H27BrNO5S [(M + H)+] 544.0793, found 544.0790. 
N-((2,2-Dimethyl-2H-chromen-8-yl)methyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide 
(3e) Yield: 84%. 1H NMR (CDCl3): δ 7.35 (dd, J = 8, 2 Hz, 1H), 7.26-7.20 (m, 4H), 7.07 (d, J = 
8 Hz, 1H), 6.98 (d, J = 2 Hz, 1H), 6.94 (d, J = 8 Hz, 1H), 6.82-6.80 (m, 1H), 6.76-6.24 (m, 1H), 
6.23 (d, J = 10 Hz, 1H), 5.52 (d, J = 10 Hz, 1H), 3.99 (s. 3H), 3.76 (s, 3H), 1.25 (s, 6H) ppm. 13C 
NMR (CDCl3): δ 152.4, 150.6, 148.7, 139.6, 130.5, 130.5, 129.9, 128.9, 128.6, 127.6, 125.7, 
123.2, 122.2, 121.4, 120.9, 120.2, 110.4, 110.4, 76.3, 56.2, 56.1, 47.9, 27.8 ppm. HRMS (ESI) 
m/z calculated for C22H29N2O4S [(M + H)+] 417.1848, found 417.1848. 
N-(Benzo[d][1,3]dioxol-5-ylmethyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3f) Yield: 
55%. 1H NMR (CDCl3): δ 7.35 (dd, J = 8, 2 Hz, 1H), 7.27-7.24 (m, 3H), 7.03-6.93 (m, 4H), 6.81 
(s, 1H), 6.63-6.60 (m, 2H), 5.91 (s, 2H), 4.63 (s, 2H), 3.98 (s, 3H), 3.78 (s, 3H) ppm. 13C NMR 
(CDCl3): δ 152.5, 148.9, 147.1, 139.1, 130.3, 129.8, 129.6, 129.1, 128.8, 127.9, 122.0, 121.5, 
110.4, 109.0, 107.9, 101.0, 56.2, 56.1, 54.5 ppm. HRMS (ESI) m/z calculated for C22H21NO6SNa 
[(M + Na)+] 450.0987, found 450.0991. 
N-(Benzo[c][1,2,5]oxadiazol-5-ylmethyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3g) 
Yield: 84%. 1H NMR (CDCl3): δ 7.81 (d, J = 8 Hz, 1H), 7.61 (d, J = 8 Hz, 1H), 7.51 (s, 1H), 
7.37 (dd, J = 8, 2 Hz, 1H), 7.26 (d, J = 2 Hz, 2H), 7.07-7.05 (m, 2H), 6.99-6.96 (m, 2H), 4.80 (s, 
2H), 4.00 (s, 3H), 3.77 (s, 3H) ppm. 13C NMR (CDCl3): δ 153.0, 149.0, 148.7, 140.3, 138.6, 
132.3, 129.6, 129.2, 128.7, 128.3, 121.5, 116.8, 114.9, 110.6, 110.5, 56.2, 56.1, 54.5 ppm. 
HRMS (ESI) m/z calculated for C21H20N3O5S [(M + H)+] 426.1124, found 426.1104.  
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3-methoxy-N-phenylbenzenesulfonamide (4a) 
Yield: 13%. 1H NMR (CDCl3): δ 7.43-7.39 (m, 2H), 7.35-7.24 (m, 3H), 7.23-7.23 (m, 2H), 7.14-
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7.11 (m, 2H), 7.00-6.98 (m, 2H), 6.90 (d, J = 8 Hz, 2H), 6.61 (d, J = 8 Hz, 1H), 6.24 (d, J = 8 
Hz, 1H), 5.58 (d, J = 8 Hz, 1H), 4.64 (s, 2H), 3.77 (s, 3H), 1.42 (s, 6H) ppm. 13C NMR (CDCl3): 
δ 159.7, 139.9, 138.9, 132.3, 130.9, 129.9, 129.4, 129.1, 128.8, 128.0, 127.9, 126.7, 122.1, 121.1, 
119.8, 119.4, 116.1, 112.1, 76.3, 55.6, 54.5, 28.0 ppm. HRMS (ESI) m/z calculated for 
C25H25NO4SNa [(M + Na)+] 458.1402, found 458.1409.  
N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-N-phenyl-4-
(trifluoromethoxy)benzenesulfonamide (4b) Yield: 19%. 1H NMR (CDCl3): δ 8.13 (d, J = 8 
Hz, 1H), 7.71 (d, J = 8 Hz, 2H), 7.46 (d, J = 8 Hz, 1H), 7.33-7.24 (m, 5H), 6.97 (d, J = 4 Hz, 
2H), 6.90-6.87 (m, 2H), 6.61 (d, J = 8 Hz, 1H), 6.23 (d, J = 8 Hz, 1H), 5.59 (d, J = 8 Hz, 1H), 
4.62 (s, 2H), 1.40 (s, 6H) ppm. 13C NMR (CDCl3): δ 152.0, 151.0, 138.6, 137.3, 131.0, 129.8, 
129.5, 129.4, 129.1, 129.0, 128.1, 127.7, 126.7, 122.0, 121.2, 121.1, 120.6, 116.1, 76.32, 54.6, 
28.0 ppm. HRMS (ESI) m/z calculated for C25H22NO4SF3Na [(M + Na)+] 512.1119, found 
512.1106.  
N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-difluoro-N-phenylbenzenesulfonamide (4c) 
Yield: 37%. 1H NMR (CDCl3): δ 7.29-7.26 (m, 4H), 6.97 (dd, J = 8, 2 Hz, 1H), 6.89 (d, J = 8 
Hz, 2H), 6.62 (d, J = 8 Hz, 1H), 6.24 (d, J = 10 Hz, 1H), 5.60 (d, J = 10 Hz, 1H), 4.65 (s, 2H), 
1.41 (s, 6H) ppm. 13C NMR (CDCl3): δ 152.6, 138.4, 131.0, 129.4, 129.1, 129.1, 128.3, 127.5, 
126.7, 122.0, 121.2, 118.0, 117.8, 116.2, 76.4, 54.7, 28.0 ppm. HRMS (ESI) m/z calculated for 
C24H21NO3SF2Na [(M + Na)+] 464.1108, found 464.1097. 
4-Cyano-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-N-phenylbenzenesulfonamide (4d) 
Yield: 30%. 1H NMR (CDCl3): δ 7.77 (q, J = 8.4 Hz, 4H), 7.27 (t, J = 5.2, 3H), 6.95-6.93 (m, 
2H), 6.89-6.85 (m, 2H), 6.62 (d, J = 8.0 Hz, 1H), 6.23 (d, J = 10.0 Hz, 1H), 5.60 (d, J = 10.0 Hz, 
1H), 4.66 (s, 2H), 1.41 (s, 6H) ppm. 13C NMR (CDCl3): δ 152.7, 143.2, 138.2, 132.7, 131.1, 
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129.5, 129.2, 129.1, 128.4, 128.2, 127.3, 126.7, 122.0, 121.2, 116.3, 116.2, 54.9, 28.0 ppm. 
HRMS (ESI) m/z calculated for C25H22N2O3SNa [(M + Na)+] 453.1249, found 453.1260. 
N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-4-methoxy-N-phenylbenzenesulfonamide (4e) 
Yield: 75%. 1H NMR (CDCl3): δ 7.75 (d, J = 8 Hz, 2H), 7.58 (d, J = 8 Hz, 2H), 7.20 (m, 3H), 
6.98-6.87 (m, 3H), 6.59 (d, J = 8 Hz, 1H), 6.23 (d, J = 10 Hz, 1H), 5.57 (d, J = 10 Hz, 1H), 14.61 
(s, 2H), 3.87 (s, 3H), 3.86 (s, 3H), 3.23 (s, 3H), 1.38 (s, 6H) ppm. 13C NMR (CDCl3): δ 162.9, 
152.4, 139.1, 130.5, 129.8, 129.1, 128.8, 128.1, 127.8, 126.6, 122.1, 121.1, 116.0, 114.1, 114.0, 
76.24, 55.6, 55.6, 54.3, 42.0, 28.0, ppm. 
N-((2,2-dimethylchroman-6-yl)methyl)-4-methoxy-N-phenylbenzenesulfonamide (4f) Yield: 
88%. 1H NMR (CDCl3): δ 7.59 (d, J = 8 Hz, 2H), 7.26-7.26 (m, 3H), 7.01-6.94 (m, 4H), 6.86 (d, 
J = 8 Hz, 1H), 6.60 (d, J = 8 Hz, 1H), 4.63 (s, 2H), 3.90 (s, 3H), 2.69 (t, J = 8 Hz, 2H), 1.75 (t, J 
= 8 Hz), 1.30 (s, 6H) ppm. 13C NMR (CDCl3): δ 162.8, 162.6, 153.5, 139.3, 130.6, 129.8, 129.1, 
129.1, 128.8, 127.7, 127.6, 126.9, 120.7, 116.9, 114.1, 113.9, 74.2, 55.6, 55.6, 54.4, 41.9, 32.7, 
26.8 ppm. HRMS (ESI) m/z calculated for C25H27NO4SNa [(M + Na)+] 460.1559, found 
460.1537. 
N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-
dimethoxybenzenesulfonamide (5a) Yield: 56%. 1H NMR (CDCl3): δ 7.43 (d, J = 2 Hz, 1H), 
7.41 (d, J = 2 Hz, 1H), 7.24 (d, J = 2 Hz, 1H), 7.06 (d, J = 8 Hz, 1H), 6.99 (s, 1H), 6.93 (d, J = 8 
Hz, 1H), 6.72 (d, J = 8 Hz, 1H), 6.31 (d, J = 8 Hz, 1H), 5.62 (d, J = 8 Hz, 1H), 4.30 (s, 2H), 
4.27-4.20 (m, 1H), 3.95 (s, 3H), 3.91 (s, 3H), 2.05-1.95 (m, 4H), 1.62-1.49 (m, 2H), 1.47 (s, 6H) 
ppm. 13C NMR (CDCl3): δ 152.3, 152.2, 149.0, 132.2, 131.0, 130.6, 127.9, 125.3, 122.3, 121.2, 
120.9, 116.1, 111.0, 109.7, 76.2, 56.2, 56.2, 52.9, 48.0, 29.3, 28.0, 15.1 ppm. HRMS (ESI) m/z 
calculated for C24H29NO5SNa [(M + Na)+] 466.1664, found 466.1678. 
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4-Bromo-N-cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)benzenesulfonamide (5b) 
Yield: 55%. 1H NMR (CDCl3): δ 7.64 (m, 4H), 7.04 (dd, J = 8, 2 Hz, 1H), 6.96 (d, J = 2 Hz, 
1H), 6.73 (d, J = 8 Hz, 1H), 6.31 (d, J = 8 Hz, 1H), 5.94 (d, J = 8 Hz, 1H), 4.31 (s, 2H), 4.30-
4.28 (m, 1H), 2.02-1.96 (m, 4H), 1.55-1.53 (m, 2H), 1.45 (s, 6H) ppm. 13C NMR (CDCl3): δ 
132.2, 131.1, 130.0, 125.6, 127.9, 125.3, 122.2, 121.3, 116.2, 76.3, 52.9, 48.2, 29.7, 29.3, 28.0, 
15.0 ppm. HRMS (ESI) m/z calculated for C22H24BrNO3SNa [(M + Na)+] 484.0558, found 
484.0561. 
N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-4-
(trifluoromethoxy)benzenesulfonamide (5c) Yield: 48%. 1H NMR (CDCl3): δ 7.82 (d, J = 8 
Hz, 2H), 7.32 (d, J = 8 Hz, 2H), 7.03 (d, J = 8 Hz, 1H), 6.96 (s, 1H), 6.73 (d, J = 8 Hz, 1H), 6.30 
(d, J = 8 Hz, 1H), 5.63 (d, J = 8 Hz, 1H), 4.33 (s, 2H), 4.22 (quintet, J = 7.2 Hz, 1H), 2.03-1.99 
(m, 4H), 1.58 (m, 2H), 1.44 (s, 6H) ppm. 13C NMR (CDCl3): δ 152.3, 151.9, 139.0, 131.1, 129.9, 
129.1, 127.9, 125.3, 122.2, 121.3, 120.8, 116.2, 76.3, 52.9, 48.2, 29.3, 28.0, 15.0 ppm. HRMS 
m/z (ESI) calculated for C23H24NO4SF3Na [(M + Na)+] 490.1276, found 490.1278. 
N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,5-dimethylisoxazole-4-
sulfonamide (5d) Yield: 43%. 1H NMR (CDCl3): δ 7.02 (d, J = 8 Hz, 1H), 6.91 (s, 1H), 6.72 (d, 
J = 8 Hz, 1H), 6.30 (d, J = 8 Hz, 1H), 5.63 (d, J = 8 Hz, 1H), 4.41 (s, 2H), 4.24 (quintet, J = 7.2 
Hz, 1H), 2.58 (s, 3H), 2.39 (s, 3H), 2.09-2.01 (m, 4H), 1.62-1.52 (m, 2H), 1.43 (s, 6H) ppm. 13C 
NMR (CDCl3): δ 172.8, 157.3, 152.4, 131.2, 129.5, 127.8, 125.2, 122.1, 121.4, 117.5, 116.3, 
76.3, 52.2, 47.8, 29.3, 27.9, 15.0, 12.8, 11.1 ppm. HRMS (ESI) m/z calculated for 
C21H26N2O4SNa [(M + Na)+] 425.1511, found 425.1529. 
N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-difluorobenzenesulfonamide 
(5e) Yield: 29%. 1H NMR (CDCl3): δ 7.61-7.54 (m, 2H), 7.29-7.28 (m, 2H), 7.03 (d, J = 8 Hz, 
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1H), 6.96 (s, 1H), 6.72 (d, J = 8 Hz, 1H), 6.30 (d, J = 10 Hz, 1H), 5.64 (d, J = 10 Hz, 1H), 4.32 
(s, 2H), 4.21 (quintet, J = 7.2 Hz, 1H), 2.06-1.99 (m, 4H), 1.58-1.52 (m, 2H), 1.44 (s, 6H) ppm. 
13C NMR (CDCl3): δ 152.4, 148.9, 137.4, 131.1, 129.7, 128.0, 125.3, 124.0, 122.1, 121.3, 118.1, 
117.9, 117.0, 116.8, 116.3, 76.33, 52.8, 48.2, 29.3, 28.0, 15.0 ppm. HRMS (ESI) m/z calculated 
for C22H23NO3SF2Na [(M + Na)+] 442.1264, found 442.1255. 
N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-4- ethoxybenzenesulfonamide 
(5f) Yield: 36%. 1H NMR (CDCl3): δ 7.69 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 8.4 Hz, 1H), 6.98 (s, 
1H), 6.93 (d, J = 8.8 Hz, 2H), 6.70 (d, J = 8.0 Hz, 1H), 6.29 (d, J = 10.0 Hz, 1H), 5.60 (d, J = 
10.0 Hz, 1H), 4.26 (s, 2H), 4.18- 4.10 (m, 1H), 4.10-4.05 (m, 2H), 2.00-1.90 (m, 4H), 1.52-1.44 
(m, 5H), 1.42 (s, 6H) ppm. 13C NMR (CDCl3): δ 162.1, 152.1, 131.8, 130.9, 130.7, 129.1, 127.9, 
125.3, 122.4, 121.2, 116.1, 114.5, 63.9, 52.9, 48.2, 29.2, 28.0, 15.1, 14.6 ppm. HRMS (ESI) m/z 
calculated for C24H29O4NSNa [(M + Na)+] 450.1710, found 450.1709. 
N-Cyclopentyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-2,4-
dimethoxybenzenesulfonamide (5g) Yield: 53%. 1H NMR (CDCl3): δ 7.86 (d, J = 8 Hz, 1H), 
7.08 (d, J = 8 Hz, 1H), 7.03 (s, 1H), 6.69 (d, J = 8 Hz, 1H), 6.48 (d, J = 8 Hz, 1H), 6.47 (s, 1H), 
6.32 (d, J = 9.6 Hz, 1H), 5.60 (d, J = 9.6 Hz, 1H), 4.44 (s, 1H), 4.14-4.11 (m, 1H), 3.92 (s, 3H), 
3.86 (s, 3H), 1.50 (m, 4H), 1.42 (s, 6H), 1.39-1.37 (m, 4H) ppm. 13C NMR (CDCl3): δ 164.4, 
158.0, 151.8, 133.1, 132.0, 130.7, 127.7, 125.1, 122.5, 121.5, 121.0, 115.9, 103.9, 99.2, 76.1, 
58.9, 55.8, 55.6, 47.3, 28.8, 27.9, 23.22 ppm. HRMS (ESI) m/z calculated for C25H31NO5S [(M + 
H)+] 458.1993, found 458.2005. 
N-cyclopentyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-4-ethoxybenzenesulfonamide 
(5h) Yield: 47%. 1H NMR (CDCl3): δ 7.74 (d, J = 8.8 Hz, 2H), 7.07 (d, J = 8 Hz, 1H), 7.02 (s, 
1H), 6.94 (d, J = 8.8 Hz, 2H), 6.71 (d, J = 8.4 Hz, 1H), 6.32 (d, J = 10 Hz, 1H), 5.62 (d, J = 9.6 
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Hz, 1H), 4.25 (s, 2H), 4.09 (q, J = 7.2 Hz, 2H), 1.65-1.50 (m, 2H), 1.48-1.40 (m, 11H), 1.36-1.26 
(m, 4H) ppm. 13C NMR (CDCl3): δ 162.0, 152.0, 132.3, 131.1, 130.8, 129.1, 127.7, 125.2, 122.4, 
121.1, 116.0, 114.4, 76.1, 63.9, 59.3, 46.9, 29.2, 27.9, 23.4, 14.6 ppm. HRMS (ESI) m/z 
calculated for C24H28BrNO3S [(M + H)+] 512.0876, found 512.0875. 
4-(bromomethyl)-N-cyclopentyl-N-((2,2-dimethyl-2H-chromen-6-
yl)methyl)benzenesulfonamide (5i) Yield: 57%. 1H NMR (CDCl3): δ 7.81-7.76 (m, 2H), 7.50 
(d, J = 8 Hz, 2H), 7.05 (d, J = 8 Hz, 1H), 6.99 (s, 1H), 6.71 (d, J = 8 Hz, 1H), 6.30 (d, J = 8.0 Hz, 
1H), 5.62 (d, J = 9.6 Hz, 1H), 4.50 (s, 2H), 4.28 (m, 3H), 1.65-1.52 (m, 4H), 1.43 (s, 6H), 1.38-
1.27 (m, 4H) ppm. 13C NMR (CDCl3): δ 152.1, 142.1, 140.8, 130.9, 130.6, 129.5, 129.0, 127.8, 
127.5, 127.5, 125.2, 122.3, 121.2, 116.1, 76.25, 59.5, 47.0, 44.9, 31.6, 29.3, 27.9, 23.5 ppm. 
HRMS (ESI) m/z calculated for C22H28N2O4S [(M + H)+] 417.1843, found 417.1842. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-(oxetan-3-
ylmethyl)benzenesulfonamide (5k) Yield: 69%. 1H NMR (CDCl3): δ 7.69 (d, J = 8 Hz, 1H), 
7.51 (s, 1H), 7.41 (s, 1H), 7.22-7.17 (m, 1H), 7.08 (s, 1H), 6.95 (d, J = 8 Hz, 1H), 6.50 (d, J = 8 
Hz, 1H), 5.87 (d, J = 8 Hz, 1H), 4.72-4.67 (m, 2H), 4.44-4.35 (m, 2H), 4.38 (s, 2H), 4.20 (s, 3H), 
4.17 (s, 3H), 3.63-3.61 (d, J = 8 Hz, 2H), 3.32-3.22 (quintet, J = 7.2 Hz, 1H), 1.66 (s, 6H) ppm. 
13C NMR (CDCl3): δ 153.0, 152.9, 149.5, 131.7, 131.2, 128.9, 128.6, 126.2, 122.1, 121.8, 121.8, 
121.3, 116.7, 111.0, 110.0, 76.7, 75.3, 75.3, 56.5, 56.5, 53.0, 51.8, 34.8, 28.2 ppm. HRMS (ESI) 
m/z calculated for C24H30NO6S [(M + H)+] 460.1794, found 460.1801. 
N-((2,2-dimethylchroman-6-yl)methyl)-3,4-dimethoxy-N-(oxetan-3-
ylmethyl)benzenesulfonamide (5l) Yield: 70%. 1H NMR (CDCl3): δ 7.56 (d, J = 8 Hz, 1H), 
7.16 (d, J = 8 Hz, 1H), 6.98 (d, J = 8 Hz, 1H), 6.93-6.92 (m, 2H), 6.73 (d, J = 8 Hz, 1H), 4.50-
4.42 (m, 1H), 4.21-4.14 (m, 3H), 3.98 (s, 3H), 3.94 (s, 3H), 3.40 (d, J = 8 Hz, 1H), 3.09-3.05 (m, 
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1H), 2.73 (t, J = 8 Hz, 1H), 1.83-1.79 (m, 2H), 1,34 (s, 6H) ppm. 13C NMR (CDCl3): δ 153.9, 
152.6, 149.2, 131.1, 129.2, 127.1, 121.3, 121.1, 119.4, 117.4, 110.7, 109.8, 75.2, 74.4, 56.2, 52.8, 
51.4, 34.6, 32.6, 26.8, 22.4 ppm. HRMS (ESI) m/z calculated for C24H32NO6S [(M + H)+] 
462.1950, found 462.1959.  
N-Cyclobutyl-N-((2,2-dimethylchroman-6-yl)methyl)-3,4-dimethoxybenzenesulfonamide 
(5m) Yield: 99%. 1H NMR (CDCl3): δ 7.42 (d, J = 8 Hz, 1H), 7.23 (s, 1H), 7.06 (s, 1H), 7.03 (d, 
J = 8 Hz, 1H), 6.93 (d, J = 8 Hz, 1H), 6.72 (d, J = 8 Hz, 1H), 4.31 (s, 2H), 4.23 (quintet, J = 7.2 
Hz, 1H), 3.96 (s, 3H), 3.90 (s, 3H), 2.72 (t, J = 8 Hz, 2H), 2.06-1.96 (m, 4H), 1.80 (t, J = 8 Hz, 
2H), 1.55-1.50 (m, 2H), 1.34 (s, 6H) ppm. 13C NMR (CDCl3): δ 153.2, 148.9, 132.3, 129.3, 
128.4, 126.3, 120.9, 117.0, 110.5, 109.8, 74.2, 56.2, 56.1, 52.9, 48.1, 32.8, 29.3, 26.9, 22.5, 15.1 
ppm. HRMS (ESI) m/z calculated for C24H31NO5SNa [(M + Na)+] 468.1821, found 468.1810. 
N-Benzyl-N-cyclobutyl-3,4-dimethoxybenzenesulfonamide (6a) Yield: 17% over 2 steps. 1H 
NMR (CDCl3): δ 7.45-6.96 (m, 7H), 6.95 (d, J = 8 Hz, 1H), 4.42 (s, 2H), 4.27 (quintet, J = 7.2 
Hz, 1H), 3.97 (s, 3H), 3.91 (s, 3H), 2.00-1.96 (m, 4H), 1.54-1.53 (m, 2H) ppm. 13C NMR 
(CDCl3): δ 152.4, 149.0, 138.7, 132.1, 128.5, 127.2, 127.1, 120.9, 110.6, 109.7, 56.2, 56.2, 52.9, 
48.4, 29.3, 15.1 ppm. HRMS m/z (ESI) calculated for C19H24NO4S [(M + H)+] 362.1426, found 
362.1426. 
N-Cyclobutyl-3,4-dimethoxy-N-(4-methoxybenzyl)benzenesulfonamide (6b) Yield: 47% over 
2 steps. 1H NMR (CDCl3): δ 7.43 (d, J = 4Hz, 1H), 7.41 (d, J = 4 Hz, 2H), 7.28 (s, 1H), 6.93 (d, 
J = 8 Hz, 1H), 6.86 (d, J = 8 Hz, 2H), 4.34 (s, 2H), 4.22 (quintet, J = 7.2 Hz, 1H), 3.95 (s, 3H), 
3.90 (s, 3H), 3.81 (s, 3H), 2.00-1.95 (m, 4H), 1.56-1.49 (m, 2H) ppm. 13C NMR (CDCl3): δ 
158.8, 152.3, 149.0, 132.1, 130.6, 128.5, 120.9, 113.8, 110.5, 109.7, 56.2, 56.2, 55.3, 48.0, 29.3, 
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15.1 ppm. HRMS (ESI) m/z calculated for C20H25NO5SNa [(M + Na)+] 414.1351, found 
414.1355. 
N-Cyclobutyl-3,4-dimethoxy-N-(2-nitrobenzyl)benzenesulfonamide (6c) Yield: 42% over 2 
steps. 1H NMR (CDCl3): δ 8.11 (d, J = 8 Hz, 1H), 7.96 (d, J = 8 Hz, 1H), 7.71 (t, J = 8 Hz, 1H), 
7.47 (dd, J = 8, 2 Hz, 2H) 7.30 (d, J = 2 Hz, 1H), 6.98 (d, J = 8 Hz, 1H), 4.79 (s, 2H), 4.48 
(quintet, J = 7.2 Hz, 1H), 3.98 (s, 3H), 3.96 (s, 3H), 1.99-1.98 (m, 2H), 1.89-1.84 (m, 2H), 1.56 
ppm (m, 2H) ppm. 13C NMR (CDCl3): δ 152.8, 149.2, 147.2, 135.5, 134.0, 131.1, 129.6, 128.0, 
124.9, 121.0, 110.8, 109.6, 56.3, 56.2, 52.6, 45.4, 28.9, 14.9 ppm. HRMS (ESI) m/z calculated 
for C19H23N2O6S [(M + H)+] 407.1277, found 407.1269. 
N-Cyclobutyl-N-(2,4-dimethoxybenzyl)-3,4-dimethoxybenzenesulfonamide (6d) Yield: 11% 
over 2 steps. 1H NMR (CDCl3): δ 7.43 (dd, J = 8, 2 Hz, 2H), 7.41 (d, J = 8 Hz, 1H), 7.28 (d, J = 
8 Hz, 1H), 6.94 (d, J = 8 Hz, 1H), 6.50 (dd, J = 8, 2 Hz, 1H), 6.42 (d, J = 2 Hz, 1H), 4.38 
(quintet, J = 7.2 Hz, 1H), 4.34 (s, 2H), 3.96 (s, 3H), 3.93 (s, 3H), 3.82 (s, 3H), 3.81 (s, 3H), 2.02-
1.95 (m, 4H), 1.56-1.50 (m, 2H) ppm. 13C NMR (CDCl3): δ 159.9, 157.0, 152.2, 148.9, 132.3, 
129.1, 120.9, 119.2, 110.5, 109.8, 104.1, 98.0, 56.2, 56.1, 55.4, 55.2, 52.7, 42.2, 29.0, 14.9 ppm. 
HRMS (ESI) m/z calculated for C21H27NO6SNa [(M + Na)+] 444.1457, found 444.1451. 
N-((1H-Pyrrol-2-yl)methyl)-N-cyclobutyl-3,4-dimethoxybenzenesulfonamide (6e) Yield: 
55%. 1H NMR (CDCl3): δ 9.11 (s, 1H), 7.40 (dd, J = 8, 2 Hz, 1H), 7.20 (d, J = 2 Hz, 1H), 6.93 
(d, J = 8 Hz, 1H), 6.79 (d, J = 2 Hz, 1H), 6.11 (dd, J = 8, 2 Hz, 1H), 6.05 (s, 1H), 4.28 (s, 2H), 
4.22 (quintet, J = 7.2 Hz, 1H), 3.95 (s, 3H), 3.90 (s, 3H), 2.13-2.02 (m, 4H), 1.65-1.54 (m, 2H) 
ppm. 13C NMR (CDCl3): δ 152.5, 149.1, 131.7, 128.0, 120.9, 118.5, 110.6, 109.5, 107.8, 107.1, 
56.2, 56.2, 52.6, 41.2, 28.9, 15.0 ppm. HRMS (ESI) m/z calculated for C17H22N2O4SNa [(M + 
Na)+] 373.1198, found 373.1184. 
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N-cyclobutyl-3,4-dimethoxy-N-(4-nitrobenzyl)benzenesulfonamide (6f) Yield: 72%. 1H NMR 
(CDCl3): δ 9.11 (s, 1H), 7.40 (dd, J = 8, 2 Hz, 1H), 7.20 (d, J = 2 Hz, 1H), 6.93 (d, J = 8 Hz, 1 
H), 6.79 (d, J = 1.2 Hz, 1H), 6.11 (s, 1H), 6.05 (s, 1H), 4.28 (s, 2H), 4.22 (quintet, J = 7.2, 1H), 
3.95 (s, 3H), 3.90 (s, 3H), 2.13-2.02 (m, 4H), 1.65-1.54 (m, 2H) ppm. 13C NMR (CDCl3): δ 
152.5, 149.1, 131.7, 128.0, 120.9, 118.5, 110.6, 109.5, 107.8, 107.1, 56.2, 56.2, 52.6, 41.2, 28.9, 
15.0 ppm. HRMS (ESI) m/z calculated for C19H23N2O6S [(M + H)+] 407.1277, found 407.1258. 
N-cyclobutyl-3,4-dimethoxy-N-(4-(morpholinomethyl)benzyl)benzenesulfonamide (6g) 
Yield: 46%. 1H NMR (CDCl3): δ 7.43 (dd, J = 8.4, 2 Hz, 1H), 7.34-7.25 (m, 5H), 6.94 (d, J = 8 
Hz, 1H), 4.39 (s, 2H), 4.27 (quintet, J = 8 Hz, 1H), 3.96 (s, 3H), 3.92 (s, 3H), 3.73 (t, J = 4 Hz, 
4H), 3.51 (s, 2H), 2.46 (s, 4H), 1.99-1.94 (m, 4H), 1.57-1.52 (m, 2H) ppm. 13C NMR (CDCl3): δ 
152.4, 149.0, 137.8, 132.0, 129.4, 127.1, 120.91, 110.6, 109.8, 66.9, 63.0, 56.2, 56.2, 53.5, 52.9, 
48.1, 29.2, 15.0 ppm. HRMS (ESI) m/z calculated for C24H33N2O5S [(M + H)+] 461.2110, found 
461.2102. 
N-(Benzo[d][1,3]dioxol-5-ylmethyl)-N-cyclobutyl-3,4-dimethoxybenzenesulfonamide (6h) 
Yield: 75%. 1H NMR (CDCl3): δ 7.42 (dd, J = 8, 2 Hz, 1H), 7.24 (d, J = 2 Hz, 1H), 6.92 (d, J = 2 
Hz, 1H), 6.81-6.74 (m, 2H), 5.96 (s, 2H), 4.30 (s, 2H), 4.24 (quintet, J = 7.2 Hz, 1H), 3.95 (s, 
3H), 3.91 (s, 3H), 2.05-1.96 (m, 4H), 1.57-1.50 (m, 2H) ppm. 13C NMR (CDCl3): δ 152.4, 149.0, 
147.9, 146.8, 132.5, 132.1, 120.9, 120.3, 110.6, 109.8, 108.1, 101.0, 56.2, 56.2, 52.9, 48.3, 29.3, 
15.1 ppm. HRMS (ESI) m/z calculated for C20H24NO6S [(M + H)+] 406.1324, found 406.1315. 
N-Cyclobutyl-N-((2,3-dihydrobenzofuran-5-yl)methyl)-3,4-dimethoxybenzenesulfonamide 
(6i) Yield: 53%. 1H NMR (CDCl3): δ 7.41 (dd, J = 8, 2 Hz, 1H), 7.26 (s, 1H), 7.23 (d, J = 2 Hz, 
1H), 7.04 (d, J = 8 Hz, 1H), 6.93 (d, J = 8 Hz, 1H), 6.70 (d, J = 8 Hz, 1H), 4.56 (t, J = 8 Hz, 2H), 
4.31 (s, 2H), 4.20 (quintet, J = 7.2 Hz, 1H), 3.95 (s, 3H), 3.90 (s, 3H), 3.19 (t, J = 7.2 Hz, 2H), 
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2.04-1.94 (m, 4H), 1.56-1.51 (m, 2H) ppm. 13C NMR (CDCl3): δ 159.4, 152.3, 149.0, 132.2, 
130.5, 127.4, 127.0, 124.2, 120.9, 110.5, 109.7, 108.8, 71.3, 56.2, 56.2, 52.9, 48.3, 41.9, 29.7, 
29.3, 15.1 ppm. HRMS (ESI) m/z calculated for C21H26NO5S [(M + H)+] 404.1532, found 
404.1547. 
N-Cyclobutyl-N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin-6-yl)methyl)-4-
methoxybenzenesulfonamide (7a) Yield: 78%. 1H NMR (CDCl3): δ 7.70 (d, J = 8 Hz, 2H), 
7.30 (d, J = 8 Hz, 2H), 7.00 (d, J = 8 Hz, 2H), 6.91 (d, J = 8 Hz, 2H), 6.38 (d, J = 10 Hz, 2H), 
5.83 (d, J = 10 Hz, 2H), 4.35 (s, 2H), 4.28 (quintet, J = 7.2 Hz, 1H), 3.81 (s, 1H), 1.90-1.85 (m, 
4H), 1.47-1.45 (m, 2H), 1.41 (s, 6H) ppm. 13C NMR (CDCl3): δ 163.8, 150.3, 148.5, 140.1, 
135.4, 131.5, 129.1, 129.0, 123.7, 123.6, 121.8, 114.2, 76.8, 55.6, 52.7, 49.3, 41.9, 28.8, 29.2, 
27.9, 15.0 ppm. HRMS (ESI) m/z calculated for C22H27N2O4S [(M + H)+] 415.1692, found 
415.1682. 
4-(Bromomethyl)-N-cyclobutyl-N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin-6-
yl)methyl)benzenesulfonamide (7b) Yield: 53%. 1H NMR (CDCl3): δ 7.80 (d, J = 8 Hz, 2H), 
7.54 (d, J = 8 Hz, 2H), 7.45 (d, J = 8 Hz, 1H), 7.23 (s, 1H), 6.68 (d, J = 8 Hz, 1H), 5.99 (d, J = 8 
Hz, 1H), 4.56 (s, 2H), 4.51 (s, 2H), 4.34 (quintet, J = 7.2 Hz, 1H), 1.94 (m, 4H), 1.51 (m, 2H), 
1.51 (s, 6H) ppm. 13C NMR (CDCl3): δ 149.1, 148.7, 142.7, 139.3, 129.8, 129.2, 129.0 127.7, 
127.6, 126.5, 122.73, 78.0, 52.8, 47.9, 32.7, 29.0, 28.3, 14.9 ppm. HRMS (ESI) m/z calculated 
for C22H26N2O3SBr [(M + H)+] 477.0848, found 477.0852. 
N-Cyclobutyl-N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin-6-yl)methyl)-4-
(trifluoromethoxy)benzenesulfonamide (7c) Yield: 52%. 1H NMR (CDCl3): δ 7.87 (d, J = 8 
Hz, 2H), 7.34 (m, 3H), 7.13 (d, J = 8 Hz, 1H), 6.53 (d, J  =10 Hz, 1H), 6.94 (d, J = 10 Hz, 1H), 
4.50 (2, 2H), 4.34 (quintet, J = 7.2 Hz, 1H), 1.96 (m, 4H), 1.57-1.50 (m, 2H), 1.49 (s, 6H) ppm. 
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13C NMR (CDCl3): δ 152.1, 148.9, 139.5, 138.2, 136.5, 129.3, 127.9, 124.9, 122.3, 120.9, 120.5, 
76.7, 52.7, 48.6, 29.0, 28.2, 14.9 ppm. HRMS (ESI) m/z calculated for C22H24N2O4SF3 [(M + 
H)+] 467.1409, found 469.1409. 
N-Cyclobutyl-N-((2,2-dimethyl-3,4-dihydro-2H-pyrano[3,2-b]pyridin-6-yl)methyl)-3,4-
dimethoxybenzenesulfonamide (7d) Yield: 98%. 1H NMR (CDCl3): δ 7.44 (dd, J = 8, 2 Hz, 
1H), 7.37 (dd, J = 8, 2 Hz, 1H), 7.26 (s, 1H), 7.09 (d, J = 8 Hz, 1H), 6.93 (d, J = 8 Hz, 1H), 4.44 
(s, 1H), 4.42 (quintet, J = 7.2 Hz, 1H), 3.96 (s, 3H), 3.93 (s, 3H), 2.89 (t, J = 10 Hz, 2H), 1.96-
1.91 (m, 6H), 1.57-1.50 (m, 2H), 1.33 (s, 6H) ppm. 13C NMR (CDCl3): δ 152.4, 149.5, 149.2, 
149.0, 141.3, 131.8, 125.3, 121.0, 120.7, 110.5, 109.6, 74.8, 56.2, 52.7, 49.4, 32.8, 28.9, 26.7, 
25.6, 15.0 ppm. HRMS (ESI) m/z calculated for C23H31N2O5S [(M + H)+] 447.1954, found 
447.1958. 
N-Cyclobutyl-N-((2,2-dimethyl-3,4-dihydro-2H-pyrano[3,2-b]pyridin-6-yl)methyl)-4-
methoxybenzenesulfonamide (7e) Yield: 89%. 1H NMR (CDCl3): δ 7.75 (d, J = 8 Hz, 2H), 
7.36 (d, J = 8 Hz, 1H), 7.08 (d, J = 8 Hz, 1H), 6.95 (d, J = 8 Hz, 2H), 4.41 (s, 2H), 4.32 (quintet, 
J = 7.2 Hz, 1H), 3.87 (s, 3H), 2.89 (t, J = 6 Hz, 2H), 1.96-1.89 (m, 6H), 1.52-1.48 (m, 2H), 1.36 
(s, 6H) ppm. 13C NMR (CDCl3): δ 162.8, 149.6, 149.2, 141.2, 131.7, 129.2, 125.2, 120.7, 114.1, 
74.8, 55.6, 52.7, 49.4, 32.8, 28.9, 26.7, 25.6, 15.0 ppm. HRMS (ESI) m/z calculated for 
C22H29N2O4S [(M + H)+] 417.1848, found 417.1848. 
N-(3,4-dimethoxyphenethyl)-N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin-6-yl)methyl)-3,4-
dimethoxybenzenesulfonamide (7f) Yield: 29%. 1H NMR (CDCl3): δ 7.43 (dd, J = 8, 2 Hz, 
1H), 7.26 (d, J = 2 Hz, 1H), 7.20 (d, J =8 Hz, 1H), 7.01 (d, J =8 Hz, 1H), 6.92 (d, J =8 Hz, 1H), 
6.73 (d, J =8 Hz, 1H), 6.60-6.57 (m, 3H), 6.42 (d, J =10 Hz, 1H), 5.89 (d, J =10 Hz, 1H) 4.41 (s, 
2H), 3.95 (s, 3H), 3.90 (s, 3H), 3.85 (s, 3H), 3.83 (s, 3H), 3.41-3.37 (m, 2H), 2.67 (t, J = 8 Hz, 
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2H), 1.66 (s, 6H) ppm. 13C NMR (CDCl3): δ152.5, 149.1, 149.0, 148.8, 148.2, 147.6, 140.3, 
135.5, 131.5, 131.0, 123.8, 123.6, 123.1, 121.1, 120.7, 112.0, 111.2, 110.6, 109.8, 77.3, 60.4, 
56.2, 56.2, 55.9, 55.8, 53.5, 50.4, 34.8, 28.2, 21.1, 14.2 ppm. HRMS (ESI) m/z calculated for 
C29H35N2O7S [(M + H)+] 555.2165, found 555.2151. 
N-((2,2,5-Trimethyl-2H-chromen-6-yl)methyl)aniline with N-((2,2,7-Trimethyl-2H-
chromen-6-yl)methyl)aniline (2:1) (9b) Yield: 23%. 1H NMR (CDCl3): δ 7.24-7.20 (m, 6H), 
7.10 (d, J = 8 Hz, 2H), 6.96 (s, 1H), 6.77-6.73 (m, 3H), 6.67-6.61 (m, 11H), 6.29 (d, J = 8 Hz, 
1H), 5.71 (d, J = 8 Hz, 2H), 5.57 (d, J = 8 Hz, 1H), 4.19 (s, 4H), 4.17 (s, 2H), 3.71 (s, 3H), 2.32 
(s, 9H), 1.45 (s, 12H), 1.44 (s, 6H) ppm. 
N-((7-Bromo-2,2-dimethyl-2H-chromen-6-yl)methyl)aniline (9c) Yield: 48%. 1H NMR 
(CDCl3): δ 7.37 (s, 1H), 7.19-7.18 (m, 1H), 6.94 (s, 1H), 6.75 (t, J = 8 Hz, 1H), 6.64 (d, J = 8 Hz, 
1H), 6.28 (d, J = 8 Hz, 1H), 5.67 (d, J = 8 Hz, 1H), 4.20 (s, 2H), 3.98 (s, 1H), 1.49 (s, 6H) ppm. 
13C NMR (CDCl3): δ 148.9, 148.0, 132.8, 131.8, 131.3, 129.3, 124.5, 122.7, 122.0, 117.7, 112.9, 
110.5, 76.7, 47.4, 28.0 ppm. 
N-((2,2-Dimethyl-2H-chromen-8-yl)methyl)aniline (9d) Yield: 91%. 1H NMR (CDCl3): δ 
7.26-7.21 (m, 3H), 6.97 (d, J = 8 Hz, 1H), 6.87 (t, J = 4 Hz, 1H), 6.79-6.72 (m, 3H), 6.39 (d, J = 
8 Hz, 1H), 5.68 (d, J = 8 Hz, 1H), 4.40 (s, 2H), 4.06 (s, 1H), 1.52 (s, 6H) ppm. 13C NMR 
(CDCl3): δ 150.8, 148.5, 130.6, 129.2, 128.8, 126.5, 125.5, 122.5, 121.1, 120.5, 117.4, 113.2, 
76.4, 43.1, 28.2 ppm. HRMS (ESI) m/z calculated for C18H20NO [(M + H)+] 266.1545, found 
255.1548. 
N-(Benzo[d][1,3]dioxol-5-ylmethyl)aniline (9e) Yield: 91%. 1H NMR (CDCl3): δ 7.27-7.23 (m, 
2H), 6.93-6.78 (m, 4H), 6.69 (d, J = 8 Hz, 2H), 5.99 (s, 2H), 4.29, (s, 2H), 4.05 (s, 1H) ppm. 13C 
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NMR ( CDCl3): δ 148.1, 148.0, 146.8, 133.5, 129.3, 120.9, 120.7, 117.7, 112.9, 108.4, 108.1, 
48.2 ppm. HRMS m/z (ESI) calculated for C14H14NO2 [(M + H)+] 228.1025, found 228.1023. 
N-(Benzo[c][1,2,5]oxadiazol-5-ylmethyl)aniline (9f) Yield: 32%. 1H NMR (CDCl3): δ 7.84-
7.80 (m, 2H), 7.43 (d, J = 8 Hz, 1H), 7.22 (t, J = 4 Hz, 2H), 6.80-6.77 (m, 1H), 6.65 (d, J = 8 Hz, 
2H), 4.48 (s, 2H), 4.26 (quintet, J = 7.2 Hz, 1H) ppm. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)aniline (9g) Yield: 80%. 1H NMR (CDCl3): δ 
7.26-7.21 (m, 3H), 6.97 (d, J = 8 Hz, 1H), 6.88-6.86 (m, 1H), 6.79-6.72 (m, 3H), 6.39 (d, J = 8 
Hz, 1H), 5.68 (d, J = 8 Hz, 1H), 4.37 (s, 2H), 4.06 (s, 1H) 1.51 (s, 6H), ppm. 13C NMR (CDCl3): 
δ 150.8, 148.5, 130.6, 129.2, 128.9, 126.5, 125.5, 122.5, 121.1, 120.5, 117.4, 113.2, 76.44, 43.11, 
28.18 ppm. HRMS (ESI) m/z calculated for C18H20NO [(M + H)+] 266.1545, found 266.1548. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)cyclobutanamine (9h) Yield: 90%. 1H NMR 
(CDCl3): δ 7.03 (d, J = 8 Hz, 1H), 6.95 (s, 1H), 6.72 (d, J = 8 Hz, 1H), 6.31 (d, J = 8 Hz, 1H), 
5.60 (d, J = 8 Hz, 1H), 3.60 (s, 2H), 3.29 (quintet, J = 7.2 Hz, 1H), 2.22 (m, 2H), 1.72-1.69 (m, 
4H), 1.43 (s, 6H) ppm. 13C NMR (CDCl3): δ 151.9, 132.5, 130.8, 128.9, 126.2, 122.3, 121.2, 
116.1, 76.1, 53.5, 50.5, 31.1, 27.9, 14.8 ppm. HRMS m/z (ESI) calculated for C16H2NO [(M + 
H)+] 244.1701, found 244.1697. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)cyclopentanamine (9i) Not isolated. Crude 
product taken directly to the next step. 1H NMR (CDCl3): δ 7.04 (d, J = 8 Hz, 1H), 6.95 (s, 
1H), 6.72 (d, J = 8 Hz, 1H), 6.31 (d, J = 8 Hz, 1H), 5.60 (d, J = 8 Hz, 1H), 3.66 (s, 2H), 3.13-
3.10 (m, 1H), 1.87-1.85 (m, 2H), 1.70 (m, 2H), 1.53 (m, 2H), 1.44-1.36 (m, 2H), 1.42 (s, 6H) 
ppm. 13C NMR (CDCl3): δ 151.8, 132.8, 130.8, 128.9, 126.2, 122.3, 121.1, 116.1, 76.1, 59.0, 
52.2, 33.1, 27.9, 24.1 ppm. 
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1-(2,2-Dimethyl-2H-chromen-6-yl)-N-(oxetan-3-ylmethyl)methanamine (9j) Yield: 92%. 1H 
NMR (CDCl3): δ 7.03 (d, J = 8 Hz, 1H), 6.93 (s, 1H), 6.73 (d, J = 8 Hz, 1H), 6.31 (d, J = 8 Hz, 
1H), 5.61 (d, J = 8 Hz, 1H), 4.81-4.78 (m, 2H), 4.42-4.39 (m, 2H), 3.68 (s, 2H), 3.11 (quintet, J 
= 7.2 Hz, 1H), 2.96 (s, 2H), 1.68-1.45 (m, 1H), 1.45 (s, 6H) ppm. 13C NMR (CDCl3): δ 152.0, 
132.2, 131.0, 128.8, 128.6, 126.1, 122.2, 121.5, 121.2, 116.2, 76.2, 76.0, 53.5, 52.4, 35.3, 29.6, 
28.0 ppm. HRMS (ESI) m/z calculated for C16H22NO2 [(M + H)+] 260.1651, found 260.1657. 
N-Benzylcyclobutanamine (9k) Not isolated. Crude product taken directly to next step. 
N-(4-Methoxybenzyl)cyclobutanamine (9l) Not isolated. Crude product taken directly to next 
step. 
N-(2-Nitrobenzyl)cyclobutanamine (9m) Not isolated. Crude product taken directly to next 
step. MS m/z (ESI) calculated for C11H15N2O2 [(M + H)+] 207.1, found 207.1. 
N-(2,4-Dimethoxybenzyl)cyclobutanamine (9n) Not isolated. Crude product taken directly to 
next step. 
N-((1H-Pyrrol-2-yl)methyl)cyclobutanamine (9o) Yield: 85%. 1H NMR (CDCl3): δ 9.41 (s, 
1H), 6.88 (d, J = 2 Hz, 1H), 6.26 (s, 1H), 6.15 (d, J = 2 Hz, 1H), 4.11 (s, 2H), 3.58-3.50 (m, 1H), 
2.36-2.21 (m, 4H), 2.00-1.97 (m, 1H), 1.86-1.79 (m, 1H) ppm. 13C NMR (CDCl3): δ 121.1, 
118.9, 112.3, 108.8, 50.6, 42.2, 26.6, 15.4 ppm. MS m/z (ESI) calculated for C9H15N2 [(M + H)+] 
151.1, found 151.1. 
N-(4-Nitrobenzyl)cyclobutanamine (9p) Yield: 26%. 1H NMR (CDCl3): δ 8.19 (d, J = 8 Hz, 
2H), 7.53 (d, J = 8 Hz, 2H), 3.85 (s, 2H), 3.31 (quintet, J = 7.2 Hz, 1H), 2.36 (s, 1H), 2.27-2.21 
(m, 2H), 1.81-1.65 (m, 4H) ppm. 13C NMR (CDCl3): δ 121.1, 118.9, 112.2, 108.8, 50.6, 42.2, 
26.6, 15.4 ppm. 
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N-(4-(Morpholinomethyl)benzyl)cyclobutanamine (9q) 1H NMR (CDCl3): δ 7.32-7.26 (m, 
4H), 3.69-3.68 (m, 4H), 3.47 (s, 2H), 3.31-3.28 (m, 1H), 2.43 (m, 4H), 2.22-2.21 (m, 2H), 1.63-
1.62 (m, 4H) ppm. 13C NMR (CDCl3): δ 139.4, 136.3, 129.4, 128.1, 67.0, 63.2, 53.6, 50.8, 31.1, 
14.8 ppm. HRMS m/z (ESI) calculated for C16H25NO2 [(M + H)+] 261.1967, found 261.1961. 
N-(Benzo[d][1,3]dioxol-5-ylmethyl)cyclobutanamine (9r) 1H NMR (CDCl3): δ 6.83 (s, 1H), 
6.75 (s, 2H), 5.93 (s, 2H), 3.61 (s, 2H), 3.28 (quintet, J = 7.2 Hz, 1H), 2.23-2.18 (m, 2H), 1.83 (s, 
1H), 1.72-1.62 (m, 4H) ppm. 13C NMR (): δ 147.6, 146.5, 134.3, 121.3, 108.8, 108.0, 100.9, 
53.4, 50.8, 44.7, 31.3, 31.0, 15.0, 14.8 ppm. HRMS m/z (ESI) calculated for C12H16NO2 [(M + 
H)+] 206.1181, found 206.1181. 
N-((2,3-Dihydrobenzofuran-5-yl)methyl)cyclobutanamine (9s) 1H NMR (CDCl3): δ 7.14 (s, 
1H), 7.00 (d, J = 8 Hz, 1H), 6.69 (d, J = 8 Hz, 1H), 4.51 (t, J = 8 Hz, 2H), 3.59 (s, 2H), 3.29-3.25 
(m, 1H), 3.14 (t, J = 8 Hz, 2H), 2.21-2.20 (m, 2H), 1.68-1.61 (m, 4H) ppm. 13C NMR (CDCl3): δ 
159.1, 132.4, 127.9, 127.1, 125.0, 108.8, 71.2, 53.4, 50.7, 31.1, 29.7, 14.8 ppm. HRMS m/z (ESI) 
calculated for C13H18NO [(M + H)+] 204.1388, found 204.1392. 
N-((2,2-Dimethyl-2H-pyrano[3,2-b]pyridin-6-yl)methyl)cyclobutanamine (9t) Yield: 33%. 
1H NMR (CDCl3): δ 6.96 (d, J = 8 Hz, 1H), 6.91 (d, J = 8 Hz, 1H), 6.44 (d, J = 8 Hz, 1H), 5.79 
(d, J = 8 Hz, 1H), 3.64 (s, 2H), 3.25 (quintet, J = 7.2 Hz, 1H), 2.41 (s, 1H), 2.15-2.11 (m, 2H), 
1.69-1.52 (m, 4H), 1.38 (s, 6H) ppm. 13C NMR (CDCl3): δ 151.4, 148.3, 140.6, 135.1, 123.9, 
123.3, 122.3, 76.8, 53.9, 51.9, 31.1, 30.9, 28.1, 27.8, 14.8 ppm. HRMS m/z (ESI) calculated for 
C15H21N2O [(M + H)+] 245.1654, found 245.1651. 
2-(3,4-Dimethoxyphenyl)-N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin-6-
yl)methyl)ethanamine (9u) Yield: 38%. 1H NMR (CDCl3): δ 7.02-6.97 (m, 2H), 6.81-6.75 (m, 
3H), 6.44 (d, J = 10 Hz, 1H), 5.87 (d, J = 10 Hz, 1H), 3.86 (s, 6H), 3.84 (s, 2H), 2.94 (t, J = 6.8 
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Hz, 2H), 2.83 (t, J = 6.8 Hz, 2H), 1.46 (s, 6H) ppm. 13C NMR (CDCl3): δ 150.2, 148.9, 136.0, 
135.3, 132.2, 123.8, 123.4, 122.4, 120.7, 120.7, 112.1, 111.4, 111.4, 76.7, 55.9, 55.8, 54.1, 50.7, 
35.6, 28.2 ppm. HRMS (ESI) m/z calculated for C21H27N2O3 [(M + H)+] 355.2022, found 
355.2025. 
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3.1 Abstract 
While progress has been made in treating cancer, cytotoxic chemotherapeutic agents are 
still the most widely used drugs. Drugs that target unique molecular signaling pathways are 
needed for treating cancer with low or no intrinsic toxicity to normal cells. Our goal is to target 
hypoxic tumors and specifically the HIF pathway for the development of cancer therapies. To 
this end, we have developed benzopyran-based HIF-1 inhibitors such as KCN1. However, KCN1 
and its earlier analogs have poor water solubility, which hampers their applications. Herein, we 
describe a series of KCN1 analogs that incorporate the morpholine moiety at varous positions. It 
was found that replacing the benzopyran group of KCN1 by a phenyl group with a 
morpholinomethyl moiety at the para potions had a minimal effect on potency and improved 
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water solubility of two new compounds by more than 10-fold compared to KCN1, the lead 
compound. 
3.2 Introduction 
Cancer is one of the leading causes of death, second only to heart disease.1 One of the 
hallmarks of cancer is the formation of hypoxic areas inside of solid tumors.2 This hypoxic tumor 
microenvironment leads to many changes such as the upregulation of pro-angiogenic and pro-
glycolytic pathways, as well as increased cell proliferation, genetic instability, and metastatic 
potential.3 A major mediator of the hypoxic response is the Hypoxia Inducible Factor (HIF) 
pathway.4 HIF consists of two parts, HIF-α, the concentration of which is regulated by oxygen, 
and HIF-β, which is constitutively expressed.5 There are three known isoforms of HIF-α: HIF-
1α, HIF-2α, and HIF-3α, with HIF-1α being the most common and most extensively studied. 
Under normoxic conditions, HIF-α is hydroxylated by prolyl hydroxylase (PHD) using 
molecular oxygen and then degraded via a VHL-dependent ubiquitination pathway.6 Under 
hypoxic conditions, however, HIF-α and HIF-β form a heterodimer, which, along with co-
activators such as p300 and CBP, forms the active transcription complex. This complex binds to 
5’-HRE (hypoxic response element) promoter regions that are found in hundreds of genes.7 
Increased levels of HIF-α have been linked to cancer progression and poor patient outcome. 
Therefore, HIF is an attractive target for developing anti-cancer therapeutics.8  
A library of 10,000 products containing the 2,2-dimethyl-2H-chromene moiety9 was 
screened for HIF pathway inhibition, leading to the identification of a compound designated 
KCN-1 (Figure 1, 1, N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-
phenylbenzenesulfonamide) showing potent inhibition activity (IC50 of 0.59 µM).10  
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Figure 3.1 Lead Compound KCN1 
 
Further in vivo studies demonstrated KCN-1’s very pronounced inhibitory activity against 
brain, eye, and pancreatic cancers.11 In addition, mice treated with 1 did not show any negative 
side effects. Neither did KCN-1 nor its analogues demonstrate cytotoxicity, indicating the 
selective inhibitory effects being based on pathways unique to cancer. Such results strongly 
suggest that this is a very promising class of compounds and warrant further studies. However, 
KCN-1 and its analogues tend to have poor solubility in water (0.009 µg/mL).11 Therefore, for 
cell culture and animal model work, cremophor:ethanol-based formulation is needed. Such a 
formulation introduces undesirable properties.12 It is well-known that the developability of 
potential therapeutics relies on more than potency. Other properties such as solubility can play a 
critical role. Therefore, we are interested in designing water-soluble KCN-1 analogues to address 
this critical aspect of drug developability issues. 
3.3 Materials and Methods 
3.3.1 Synthesis 
3.3.2 General methods and materials  
All commercial chemicals were of reagent grade from VWR, Aldrich, or Oakwood Chemicals, 
and were used without further purification unless otherwise indicated. 1H and 13C spectra were 








solvent with TMS (δ = 0.00 ppm) or deuterated solvent as internal reference. For all reactions, 
analytical grade solvent was used.  Anhydrous solvents were used for all moisture-sensitive 
reactions. High-resolution mass spectra were obtained by the Mass Spectrometry Facilities at 
Georgia State University on a Waters Micromass Q-TOF (ESI) instrument. 
Typical procedure for morpholine substitution (7a-c): Benzyl bromide (1 equivalent) was 
dissolved in acetonitrile. Morpholine (1.1 equivalents) and K2CO3 (2 equivalents) were added 
and the reaction was stirred overnight at room temperature. The reaction was filtered through 
Celite and concentrated to give the product in quantitative yield. 
4-(4-Bromobenzyl)morpholine (7a): 1H NMR (CDCl3): δ 7.41 (d, J = 8 Hz, 2H), 7.19 (d, J = 8 
Hz, 2H), 3.67 (t, J = 4 Hz, 4H), 3.41 (s, 2H), 2.40 (s, 4H) ppm. 13C NMR (CDCl3): δ 137.0, 
131.4, 130.8, 120.9, 66.9, 62.6, 53.6 ppm. HRMS (ESI) m/z calculated for C11H15NOBr [(M + 
H)+] 256.0337, found 256.0333. 
4-(3-Bromobenzyl)morpholine (7b): 1H NMR (CDCl3): δ 7.46 (s, 1H), 7.32 (d, J = 8 Hz, 1H), 
7.20 (d, J = 7 Hz, 1H), 7.12 (t, J = 8 Hz, 1H), 3.64 (d, J = 4 Hz, 4H), 3.39 (s, 2H), 2.37 (s, 4H) 
ppm. 13C NMR (CDCl3): δ 140.4, 131.9, 130.2, 129.8, 127.6, 122.5, 67.6, 66.9, 62.7, 53.6 ppm. 
HRMS (ESI) m/z calculated for C11H15NOBr [(M + H)+] 256.0337, found 256.0348. 
4-(2-Bromobenzyl)morpholine (7c): 1H NMR (CDCl3): δ 7.52 (d, J = 8Hz, 1H), 7.46 (d, J = 7 
Hz, 1H), 7.26 (t, J = 7 Hz, 1H), 7.08 (t, J = 7 Hz, 1H), 3.71-3.68 (m, 4H), 3.57 (s, 2H), 2.49-2.48 
(m, 4H) ppm. 13C NMR (CDCl3): δ 137.2, 132.8, 130.8, 128.5, 127.2, 124.7, 67.0, 62.2, 53.6 
ppm. HRMS (ESI) m/z calculated for C11H15NOBr [(M + H)+] 256.0337, found 256.0348.  
Typical procedure for lithium halogen exchange to form aldehydes (8a-c): Arylbromide (1 
equivalent) was dissolved in anhydrous THF under N2 and cooled in a dry ice and acetone bath 
for 30 minutes before treatment with n-BuLi (1.4 equivalents). After 30 additional minutes, 
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anhydrous DMF (1.4 equivalents) were added and stirring continued 1 hour. The reaction was 
quenched with saturated NH4Cl, taken up in ethyl acetate, washed with brine, dried over 
Mg2SO4, and concentrated in vacuo. Purification by column chromatography was performed in 
4:1 hexanes/ethyl acetate. 
4-(Morpholinomethyl)benzaldehyde (8a): Yield: 74%. 1H NMR (CDCl3): δ 9.96 (s, 1H), 7.81 
(d, J = 8 Hz, 2H), 7.49 (d, J = 8 Hz, 2H), 3.68-3.68 (m, 4H), 3.54 (s, 2H), 2.43 (m, 4H) ppm. 13C 
NMR (CDCl3): δ 191.9, 145.3, 135.6, 129.8, 129.5, 129.2, 128.2, 66.9, 63.0, 53.6 ppm. HRMS 
m/z calculated for C12H16NO2 [(M + H)+] 206.1181, found 206.1182. 
3-(Morpholinomethyl)benzaldehyde (8b): Yield: 88%. 1H NMR (CDCl3): δ 9.92 (s, 1H), 7.77 
(s, 1H), 7.69 (d, J = 8 Hz, 1H), 7.54 (d, J = 8 Hz, 2H), 7.41 (t, J = 8 Hz, 1H), 3.63 (m, 4H), 3.50 
(s, 2H), 2.39 (m, 4H) ppm. 13C NMR (CDCl3): δ 192.2, 138.8, 136.5, 135.2, 130.2, 129.0, 128.7, 
66.7, 62.6, 53.4, 53.3 ppm. HRMS m/z calculated for C12H16NO2 [(M + H)+] 206.1181, found 
206.1183. 
2-(Morpholinomethyl)benzaldehyde (8c): Yield: 85%. 1H NMR (CDCl3): δ 10.37 (s, 1H), 7.81 
(d, J = 8 Hz, 1H), 7.44 (d, J = 8 Hz, 1H), 7.37-7.33 (m, 2H), 3.76 (s, 2H), 3.58-3.57 (m, 4H), 
2.40-2.39 (m, 4H) ppm. 13C NMR (CDCl3): δ 192.0, 140.4, 135.0, 133.2, 130.6, 129.4, 127.9, 
67.0, 66.9, 60.0, 53.5, 53.3 ppm. HRMS m/z calculated for C12H16NO2 [(M + H)+] 206.1181, 
found 206.1186. 
Procedure for 2,2-dimethyl-2H-chromene-6-carbaldehyde (11): Synthesized and purified as 
described in previous examples.13 Yield: 37% over 2 steps. 1H NMR (CDCl3): δ 9.83 (s, 1H), 
7.64 (d, J = 8 Hz, 1H), 7.52 (s, 1H), 6.87 (d, J = 8 Hz, 2H), 6.37 (d, J = 10 Hz, 1H), 5.70 (d, J = 
10 Hz, 1H), 1.47 (s, 6H) ppm. 
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Typical procedure for reductive amination with aniline (9a-d, 13a): Aldehyde (1 equivalent), 
NaBH4 (1.5 equivalents), and InCl3 (0.15 equivalents) were dissolved in anhydrous ACN under 
inert gas. Aniline (1.5 equivalents) was added and the reaction was stirred until completion as 
monitored by TLC (typically ~20 minutes). The reaction was quenched with saturated NH4Cl, 
taken up in ethyl acetate, washed with brine, dried over MgSO4, and concentrated. Column 
chromatography (1:1 hexane/ethyl acetate) was used to yield the final pure product. 
N-(4-(Morpholinomethyl)benzyl)aniline (9a): Yield: 60%. 1H NMR (CDCl3): δ 7.23-7.17 (m, 
4H), 6.79-6.66 (m, 5H), 4.34 (s, 2H), 3.74 (m, 4H), 3.52 (s, 2H), 2.74 (m, 4H) ppm. 13C NMR 
(CDCl3): δ 148.2, 138.4, 136.8, 129.5, 129.3, 127.5, 118.6, 117.6, 115.1, 112.9, 67.0, 63.2, 53.6, 
48.1 ppm. HRMS m/z (ESI) calculated for C18H23N2O [(M + H)+] 283.1810, found 283.1805. 
N-(3-(Morpholinomethyl)benzyl)aniline (9b): Yield: 60%. 1H NMR (CDCl3):  δ 7.36-7.17 (m, 
6H), 6.76-6.65 (m, 3H), 4.35 (s, 2H), 3.73-3.72 (m, 4H), 3.52 (s, 2H), 2.45 (m, 4H) ppm. 13C 
NMR (CDCl3): 148.1, 139.5, 138.1, 129.3, 128.6, 128.3, 128.1, 126.4, 117.6, 112.9, 67.0, 63.4, 
53.6, 48.3 ppm. HRMS (ESI) m/z calculated for C18H23N2O [(M + H)+] 283.1810, found 
283.1809. 
N-(2-(Morpholinomethyl)benzyl)aniline (9c): Yield: 54%. 1H NMR (CDCl3):  δ 7.44 (d, J = 7 
Hz, 1H), 7.32-7.22 (m, 5H), 6.75 (d, J = 7 Hz, 3H), 5.37 (bs, 1H), 4.39 (s, 2H), 3.75 (m, 4H), 
3.57 (s, 2H), 2.51 (m, 4H) ppm. 13C NMR (CDCl3): 148.6, 138.9, 135.8, 131.5, 130.0, 129.3, 
128.2, 127.2, 113.1, 67.1, 61.7, 53.5, 46.9 ppm. HRMS (ESI) m/z calculated for C18H23N2O [(M 
+ H)+] 283.1810, found 283.1805. 
N-(4-Morpholinobenzyl)aniline (9d): Yield: 25%. 1H NMR (CDCl3):  δ 7.33 (d, J = 8 Hz, 2H), 
7.22 (t, J = 8 Hz, 2H), 6.94 (d, J = 8 Hz, 2H), 6.76 (t, J = 7 Hz, 1H), 6.68 (d, J = 8 Hz, 2H), 4.28 
(s, 2H), 4.00 (bs, 1H), 3.91-3.90 (m, 4H), 3.19-3.18 (m, 4H) ppm. 13C NMR (CDCl3): δ 150.6, 
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148.3, 130.8, 129.3, 128.7, 117.5, 115.9, 112.9, 67.0, 49.5, 47.8 ppm. HRMS (ESI) m/z 
calculated for C17H21N2O [(M + H)+] 269.1654, found 269.1659. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)aniline (13a) Yield: 80%. 1H NMR (CDCl3): δ 
7.26-7.21 (m, 3H), 6.97 (d, J = 7 Hz, 1H), 6.87 (d, J = 8 Hz, 1H), 6.79-6.72 (m, 3H), 6.39 (d, J = 
10 Hz, 1H), 5.68 (d, J = 10 Hz, 1H), 4.37 (s, 2H), 4.06 (bs, 1H) 1.52 (s, 6H) ppm. 13C NMR 
(CDCl3): δ 150.8, 148.5, 130.6, 129.2, 128.8, 126.5, 125.5, 122.5, 121.1, 120.5, 117.4, 113.2, 
76.4, 43.1, 28.1 ppm. HRMS  (ESI) m/z calculated for C18H20NO [(M + H)+] 266.1545, found 
266.1548. 
Typical procedure for reductive amination with cyclobutyl and alkylmorpholino amines (10a-
d, 12a-b, 13b): Aldehyde (1 equivalent) and amine (1 equivalent) were dissolved in anhydrous 
MeOH under inert gas and the reaction was stirred overnight at room temperature. NaBH4 (1.6 
equiv.) was added and the reaction stirred for an additional  hour. The reaction was quenched 
with NaOH (1M), stirred for an hour, then taken up in ethyl acetate, washed with brine, dried 
over MgSO4, concentrated, and taken directly to the next step without further purification. 
N-(4-(Morpholinomethyl)benzyl)cyclobutanamine (10a): Yield: 89%. 1H NMR (CDCl3): δ 
7.32-7.26 (m, 4H), 3.69-3.68 (m, 4H), 3.47 (s, 2H), 3.29 (quintet, J = 7 Hz, 1H), 2.42 (m, 4H), 
2.22-2.21 (m, 2H), 1.63-1.62 (m, 4H) ppm. 13C NMR (CDCl3): δ 139.3, 136.3, 129.4,128.1, 67.0, 
63.2, 53.6, 50.8, 31.2, 31.1, 15.0, 14.8 ppm. HRMS (ESI) m/z calculated for C16H25N2O [(M + 
H)+] 261.1967, found 261.1961. 
N-(3-(Morpholinomethyl)benzyl)cyclobutanamine (10b): Yield: 88%. 1H NMR (CDCl3):  
7.32-7.19 (m, 4H), 3.69 (m, 6H), 3.49-3.48 (m, 2H), 3.30 (quintet, J = 7 Hz, 1H), 2.43 (m, 4H), 
2.24-2.20 (m, 2H), 1.74-1.63 (m, 4H) ppm. 13C NMR (CDCl3): 140.3, 137.9, 129.0, 128.6, 127.8, 
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127.1, 66.9, 63.1, 53.7, 53.6, 51.0, 31.1, 14.8 ppm. HRMS (ESI) m/z calculated for C16H25N2O 
[(M + H)+] 261.1967, found 261.1963. 
N-(2-(Morpholinomethyl)benzyl)cyclobutanamine (10c): Yield: 94%. 1H NMR (CDCl3):  δ 
7.30-7.16 (m, 4H), 3.67 (s, 2H), 3.64 (s, 4H), 3.49 (s, 2H), 3.28-3.27 (m, 1H), 2.53 (s, 1H), 2.43 
(s, 4H), 2.19-2.17 (m, 2H), 1.70-1.63 (m, 4H) ppm. 13C NMR (CDCl3): δ 140.3, 135.7, 131.3, 
130.6, 127.9, 126.7, 67.0, 61.7, 53.9, 53.4, 49.7, 31.0, 15.1 ppm. HRMS (ESI) m/z calculated for 
C16H25N2O [(M + H)+] 261.1967, found 261.1962. 
N-(4-Morpholinobenzyl)cyclobutanamine (10d): Yield: 90%. 1H NMR (CDCl3): δ 7.22 (d, J = 
8 Hz, 2H), 6.87 (d, J = 8 Hz, 2H), 3.86-3.84 (m, 4H), 3.62 (s, 2H), 3.28 (quintet, J =6.8 Hz, 1H), 
3.14-3.11 (m, 4H), 2.22-2.19 (m, 2H), 1.70-1.62 (m, 4H) ppm. 13C NMR (CDCl3): δ 150.3, 
131.9, 129.1, 115.7, 66.9, 53.5, 50.4, 49.5, 31.1, 14.8 ppm. HRMS (ESI) m/z calculated for 
C15H23N2O [(M + H)+] 247.1810, found 247.1819. 
N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-2-morpholinoethanamine (12a): Yield: 90%. 1H 
NMR (CDCl3): δ 7.16 (dd, J = 8, 22 Hz, 1H), 7.00 (d, J = 8 Hz, 1H), 6.69 (d, J = 8 Hz, 1H), 6.27 
(d, J = 10 Hz, 1H), 5.57 (d, J = 10 Hz, 1H), 3.72-3.64 (m, 6H), 3.09 (s, 1H), 2.66-2.64 (m, 2H), 
2.47-2.44 (m, 2H), 2.35 (m, 4H), 1.39 (s, 6H) ppm. 13C NMR (CDCl3): δ 152.0, 132.2, 130.9, 
128.9, 126.2, 125.3, 122.4, 121.5, 116.1, 73.9, 66.9, 53.6, 53.2, 44.9, 27.9 ppm. HRMS (ESI) m/z 
calculated for C18H27N2O2 [(M + H)+] 303.2073, found 303.2063. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3-morpholinopropan-1-amine (12b): Yield: 
89%. 1H NMR (CDCl3): δ 7.18-7.10 (m, 1H), 6.98 (d, J = 8 Hz, 1H), 6.67 (d, J = 8 Hz, 1H), 6.24 
(d, J = 10 Hz, 1H), 5.55 (d, J = 10 Hz, 1H), 3.68-3.62 (m, 6H), 2.63 (m, 2H), 2.37-2.35 (m, 4H), 
1.67-1.58 (m, 2H), 1.58 (m, 2H), 1.37 (s, 6H) ppm. 13C NMR (CDCl3): δ 151.9, 132.3, 130.9, 
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128.8, 126.1, 122.3, 121.5, 116.1, 73.9, 66.9, 57.3, 53.7, 47.9, 29.6, 27.9, 26.4 ppm. HRMS 
(ESI) m/z calculated for C19H29N2O2 [(M + H)+] 317.2229, found 317.2237. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)aniline (13a) : Yield: 90%. 1H NMR (CDCl3): δ 
7.26-7.21 (m, 3H), 6.96 (d, J = 7 Hz, 1H), 6.87 (d, J = 8 Hz, 1H), 6.79-6.72 (m, 3H), 6.39 (d, J = 
10 Hz, 1H), 5.68 (d, J = 10 Hz, 1H), 4.73 (s, 2H), 4.06 (bs, 1H), 1.52 (s, 6H) ppm. 13C NMR 
(CDCl3): δ 150.8, 148.5, 130.6, 129.2, 128.8, 126.5, 125.5, 122.5, 121.1, 120.5, 117.4, 
113.2,76.4, 43.1, 28.2 ppm. HRMS (ESI) m/z calculated for C18H20NO [(M + H)+] 266.1545, 
found 266.1548. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)cyclobutanamine (13b): Yield: 98%. 1H NMR 
(CDCl3): δ 7.03 (d, J = 8 Hz, 1H), 6.95 (s, 1H), 6.72 (d, J = 8 Hz, 1H), 6.31 (d, J = 10 Hz, 1H), 
5.60 (d, J = 10 Hz, 1H), 3.56 (s, 2H), 3.32-3.26 (m, 1H), 2.22 (m, 2H), 1.72-1.69 (m, 4H), 1.42 
(s, 6H) ppm. 13C NMR (CDCl3): δ 151.9, 132.5, 130.8, 128.9, 126.2, 122.3, 121.2, 116.1, 76.1, 
53.5, 50.5, 31.1, 27.9, 14.8 ppm. HRMS (ESI) m/z calculated for C16H22NO [(M + H)+] 
244.1701, found 244.1697. 
Typical procedure for sulfonylation with 3,4-dimethoxysulfonyl chloride (2a-d, 3a-d, 4a-b): 
Amine (1 equivalent) was dissolved in DCM. K2CO3 (2 equivalents) and 3,4-dimethoxysulfonyl 
chloride (2 equivalents) were added. The reaction was stirred overnight at room temperature, 
then washed with brine, dried over MgSO4, and concentrated. The product was purified by 
column chromatography in 4:1 or 1:1 hexane/ethyl acetate. 
3,4-Dimethoxy-N-(4-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (2a): Yield: 
11%. 1H NMR (CDCl3): δ 7.36 (d, J = 7 Hz, 1H), 7.35 (s, 1H), 7.22-7.20 (m, 6H), 7.04-7.02 (m, 
2H), 6.97-6.94 (m, 2H), 4.72 (s, 1H), 3.98 (s, 3H), 3.77 (s, 3H), 3.70-3.69 (m, 4H), 3.44 (s, 2H), 
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2.40 (m, 4H) ppm. 13C NMR (CDCl3): δ 152.6, 148.7, 139.2, 135.0, 130.2, 129.2, 129.0, 128.8, 
128.4, 127.8, 127.5, 121.4, 110.4, 110.4, 66.9, 63.0, 56.2, 56.01, 54.4, 53.5 ppm. HRMS (ESI) 
m/z calculated for C26H31N2O5S [(M + H)+] 483.1954, found 483.1956. 
3,4-Dimethoxy-N-(3-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (2b) Yield: 
64%. 1H NMR (CDCl3): δ 7.36 - 7.31 (m, 2H), 7.17 – 7.09 (m, 7H), 6.98 – 6.91 (m, 4H), 4.69 (s, 
2H), 3.95 (s, 3H), 3.73 (s, 3H), 3.63 (t, J = 4 Hz, 4H), 3.39-3.37 (m, 2H), 2.27 (m, 4H) ppm. 13C 
NMR (CDCl3): δ 152.7, 148.8, 139.1, 137.8, 135.9, 130.1, 129.6, 129.1, 128.8, 128.6, 128.4, 
127.8, 127.6, 121.5, 110.5, 67.0, 63.2, 56.3, 56.2, 54.5, 53.5, 48.5 ppm. HRMS (ESI) m/z 
calculated for C26H31N2O5S [(M + H)+] 483.1948, found 483.1928. 
3,4-Dimethoxy-N-(2-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (2c) Yield: 
47%. 1H NMR (CDCl3): δ 7.36 (d, J = 8 Hz, 1H), 7.21 – 7.18 (m, 4H), 7.10 – 7.09 (m, 3H), 7.03 
– 7.01 (m, 2H), 6.95 – 6.93 (m, 2H), 4.97 (s, 2H), 3.97 (s, 3H), 3.75 (s, 3H), 3.62 (m, 4H), 3.48 
(s, 2H), 2.35 (m, 4H) ppm. 13C NMR (CDCl3): δ 152.7, 148.8, 139.5, 136.1, 135.2, 130.8, 130.2, 
129.7, 128.9, 128.8, 127.8, 127.4, 127.3, 121.7, 110.7, 110.5, 67.2, 61.1, 56.3, 56.2, 53.6, 51.3, 
31.0, 30.8, 13.6 ppm. HRMS (ESI) m/z calculated for C26H31N2O5S [(M + H)+] 483.1948, found 
483.1941. 
3,4-Dimethoxy-N-(4-morpholinobenzyl)-N-phenylbenzenesulfonamide (2d): Yield: 40%. 1H 
NMR (CDCl3): δ 7.35 (d, J = 8 Hz, 1H), 7.21 (m, 3H), 7.12 (d, J = 7 Hz, 2H), 7.01-6.93 (m, 4H), 
6.76 (d, J = 7 Hz, 2H), 4.65 (s, 2H), 3.97 (s, 3H), 3.84-3.83 (m, 4H), 3.77 (s, 3H), 3.11-3.10 (m, 
4H) ppm. 13C NMR (CDCl3): δ 152.5, 150.5, 148.7, 139.2, 130.3, 129.6, 129.1, 128.7, 127.7, 
127.1, 121.4, 115.3, 110.4, 66.8, 56.2, 56.1, 54.1, 49.1 ppm. HRMS (ESI) m/z calculated for 
C25H29N2O5S [(M + H)+] 469.1797, found 469.1796. 
60 
N-Cyclobutyl-3,4-dimethoxy-N-(4-(morpholinomethyl)benzyl)benzenesulfonamide (3a): 
Yield: 46%. 1H NMR (CDCl3): δ 7.43 (dd, J = 8, 2 Hz, 1H), 7.34-7.25 (m, 5H), 6.94 (d, J = 9 
Hz, 1H), 4.39 (s, 2H), 4.27 (quintet, J = 9 Hz, 1H), 3.96 (s, 3H), 3.92 (s, 3H), 3.75-3.72 (m, 4H), 
3.51 (s, 2H), 2.46 (s, 4H), 1.99-1.94 (m, 4H), 1.57-1.52 (m, 2H) ppm. 13C NMR (CDCl3): δ 
152.4, 149.0, 137.8, 132.0, 129.4, 127.0, 120.9, 110.6, 109.8, 66.9, 63.0, 56.2, 56.2, 53.5, 52.9, 
48.2, 29.2, 15.0 ppm. HRMS (ESI) m/z calculated for C24H33N2O5S [(M + H)+] 461.2110, found 
461.2102. 
N-Cyclobutyl-3,4-dimethoxy-N-(3-(morpholinomethyl)benzyl)benzenesulfonamide (3b) 
Yield: 81%. 1H NMR (CDCl3): δ 7.43 (dd, J = 8, 2 Hz, 1H), 7.30-7.21 (m, 5H), 6.95-6.93 (d, J = 
8 Hz, 1H), 4.39 (s, 2H), 4.28 (quintet, J = 8 Hz, 1H), 3.95 (s, 3H), 3.91 (s, 3H), 3.71 (t, J = 4 Hz, 
4H), 3.49 (s, 2H), 2.43 (s, 4H), 1.99-1.92 (m, 4H), 1.55-1.48 (m, 2H) ppm. 13C NMR (CDCl3): δ 
152.4, 149.0, 138.7, 137.9, 131.9, 128.4, 128.1, 127.8, 126.0, 120.9, 110.5, 109.7, 67.0, 63.3, 
56.2, 56.2, 53.6, 52.9, 48.3, 29.2, 15.0 ppm. HRMS (ESI) m/z calculated for C24H33N2O5S [(M + 
H)+] 461.2110, found 461.2112. 
N-Cyclobutyl-3,4-dimethoxy-N-(2-(morpholinomethyl)benzyl)benzenesulfonamide (3c) 
Yield: 63%. 1H NMR (CDCl3): δ 7.56 (d, J = 8 Hz, 1H), 7.47 (dd, J = 8, 2 Hz, 1H), 7.31-7.27 
(m, 2H), 7.17 (d, J = 7 Hz, 1H), 6.95 (d, J = 8 Hz, 1H), 4.68 (s, 2H), 4.45 (quintet, J = 8 Hz, 1H), 
3.96 (s, 3H), 3.92 (s, 3H), 3.65 (m, 4H), 3.50 (bs, 2H), 2.42 (bs, 4H), 1.93-1.90 (m, 4H), 1.56-
1.50 (m, 2H) ppm. 13C NMR (CDCl3): δ 152.4, 149.0, 138.4, 133.4, 132.1, 130.6, 128.0, 127.4, 
126.4, 121.0, 110.5, 109.7, 67.1, 61.6, 56.3, 56.2, 53.5, 52.7, 44.5, 29.0, 15.1 ppm. HRMS (ESI) 
m/z calculated for C24H33N2O5S [(M + H)+] 461.2110, found 461.2095. 
N-Cyclobutyl-3,4-dimethoxy-N-(4-morpholinobenzyl)benzenesulfonamide (3d): Yield: 70%. 
1H NMR (CDCl3):  δ 7.41 (dd, J = 8, 2 Hz, 1H), 7.25-7.21 (m, 3H), 6.92 (d, J = 9 Hz, 1H), 6.86 
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(d, J = 9, 2H), 4.32 (s, 2H), 4.20 (quintet, J = 8 Hz, 1H), 3.93 (s, 3H), 3.88 (s, 3H), 3.86-3.46 (m, 
4H), 3.15-3.12 (m, 4H), 2.02-1.90 (m, 4H), 1.54-1.45 (m, 2H) ppm. 13C NMR (CDCl3): δ 152.4, 
150.4, 149.0 132.2, 129.8, 128.2, 120.9, 115.6, 110.6, 109.7, 66.9, 56.2, 56.1, 52.9, 49.4, 48.0, 
29.7, 29.3, 15.1 ppm. HRMS (ESI) m/z calculated for C23H31O5N2S [(M + H)+]: 446.1948, found 
447.1949.  
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-(2-
morpholinoethyl)benzenesulfonamide (4a): Yield: 49%. 1H NMR (CDCl3): δ 7.45 (d, J = 8 
Hz, 1H), 6.93 (t, J = 9 Hz, 2H), 6.88-6.85 (m, 1H), 6.67 (d, J = 8 Hz, 1H), 6.22 (d, J = 10 Hz, 
1H), 5.59 (d, J = 7 Hz, 1H), 4.23 (s, 2H), 3.93 (s, 3H), 3.89 (s, 3H), 3.59-3.56 (m, 4H), 3.19 (t, J 
= 7 Hz, 2H), 2.30 (t, J = 7 Hz, 2H), 2.25 (s, 4H), 1.23 (s, 6H) ppm. 13C NMR (CDCl3): δ 152.7, 
152.5, 149.1, 131.8, 131.3, 129.1, 128.3, 126.5, 122.0, 121.4, 121.0, 116.3, 110.6, 109.8, 66.8, 
57.3, 57.3, 56.3, 56.2, 53.6, 52.2, 44.4, 27.9 ppm. HRMS (ESI) m/z calculated for C26H35N2O6S 
[(M + H)+] 503.2210, found 503.2204. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-(3-
morpholinopropyl)benzenesulfonamide (4b): Yield: 15%. 1H NMR (CDCl3): δ 7.43 (d, J = 8 
Hz, 1H) 6.97 (d, J = 8 Hz, 1H), 6.94 (d, J = 8 Hz, 1H), 6.87 (s, 1H), 6.68 (d, J = 8 Hz, 1H), 6.23 
(d, J = 10 Hz, 1H), 4.19 (s, 2H), 3.94 (s, 3H), 3.90 (s, 3H), 3.60 (s, 4H), 3.12 (t, J = 8, 2H), 2.22 
(s, 4H), 2.18 (t, J = 7, 2H), 1.59-1.52 (m, 2H), 1.40 (s, 6H) ppm. 13C NMR (CDCl3): δ 152.7, 
152.4, 149.1, 131.6, 131.3, 129.3, 128.4, 126.5, 121.9, 121.3, 121.0, 116.3, 110.6, 109.8, 66.9, 
56.3, 56.2, 55.9, 53.4, 52.0, 46.2, 28.0, 25.4 ppm. HRMS (ESI) m/z calculated for C27H37N2O6S  
[(M + H)+] 517. 2367, found 517.2366. 
Typical procedure for sulfonylation with 4-morpholinosulfonyl chloride (5a-b): Amine (1 
equivalent) was dissolved in dichloroethane. Pyridine (3 equivalents) and 4-morpholinosulfonyl 
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chloride (1.3 equivalents) were added. The reaction was refluxed for 2 days, then concentrated, 
taken up in ethyl acetate, washed with saturated NH4Cl and brine, then dried over MgSO4, and 
concentrated. The residue was then purified by column chromatography in 4:1 hexane/ethyl 
acetate. 
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-N-phenylmorpholine-4-sulfonamide (5a): 
Yield: 17%. 1H NMR (CDCl3): δ 7.32-7.25 (m, 5H), 6.90 (d, J = 8 Hz, 1H), 6.83 (s, 1H), 6.65 (d, 
J =8 Hz, 1H), 6.25 (d, J = 10 Hz, 1H), 5.60 (d, J = 10 Hz, 1H), 4.70 (s, 2H), 3.63-3.62 (m, 4H), 
3.17 (m, 4H), 1.42 (s, 6H) ppm. 13C NMR (CDCl3): δ 131.0, 129.6, 129.2, 129.1, 127.9, 126.9, 
122.1, 116.2, 66.3, 56.3, 46.5, 28.0 ppm. HRMS (ESI) m/z calculated for C22H27N2O4S [(M + 
H)+] 415.1692, found 415.1695. 
N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)morpholine-4-sulfonamide (5b): 
Yield: 16%. 1H NMR (CDCl3): δ 7.04 (dd, J = 8, 2 Hz, 1H), 6.95 (s, 1H), 6.72 (d, J = 8 Hz, 1H), 
6.30 (d, J = 10 Hz, 1H), 5.61 (d, J = 10 Hz, 1H), 4.35 (s, 2H), 4.19 (quintet, J = 8 Hz, 1H), 3.63 
(t, J = 5 Hz, 4H), 3.09 (t, J = 5 Hz, 4H), 2.13 – 2.06 (m, 4H), 1.60 (m, 2H), 1.41 (s, 6H) ppm. 13C 
NMR (CDCl3): δ 152.4, 131.2, 130.6, 128.2, 125.5, 122.4, 121.4, 116.4, 76.4, 66.4, 53.0, 48.8, 
46.2, 29.6, 28.1, 14.8 ppm. HRMS (ESI) m/z calculated for C20H29N2O4S [(M + H)+] 393.1843, 
found 393.1834. 
3.4 Lipophilicity and Solubility Prediction 
The in silico logD and logS values of all analogues were predicted using Calculator Plugins from 
MarvinSketch 4.3.0, 2017, ChemAxon (http://www.chemaxon.com), with results detailed in 
Table 9. Graphical representations of the logD and logS from pH 0 to 14 are provided in the 
supplemental information.  
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3.4.1 Luciferase Assay 
These analogues were first evaluated for their ability to inhibit HIF activity in a LN229-HRE-
LUC assay as described previously.10-12 Their activities are detailed in Table 9. 
3.4.2 Solubility studies using Dynamic Light Scattering 
To further investigate the true enhancement of solubility, particle aggregation was examined 
using dynamic light scattering (DLS). Selected compounds were treated according to the 
following procedure: 
(1) All centrifuge tubes and cuvettes were rinsed with either DCM or water and then vacuum 
dried before use to remove dust and any particulates. 
(2) 10 mM stock solutions of each compound of interest were prepared in DMSO (filtered 
through 20 micron syringe filter). 
(3) Six dilutions (0, 10, 20, 30, 50, and 100 µM) were prepared in filtered de-ionized water 
with 1% DMSO and allowed to rest at room temperature for 24 hours after vortex. 
(4) Dynamic Light Scattering analysis was performed for each concentration on the 
Brookhaven Instrument Corporation, NanoBrook 90Plus Particle Size Analyzer, Version 
5.20. 
(5) Additional experiments were performed at specific concentrations for each compound as 
follows: 0, 1, 3, 10, and 20 µM concentrations of KCN-1; 0, 10, 12, 20 µM of 64b; 0, 5, 
7, 10 µM of 2a; and 0, 10, 20, 30, 50 µM concentrations of 3a. 
(6) Additional experiments were repeated in filtered PBS* with 1% DMSO as follows: 0, 
0.5, 1, 2, 3, and 5 µM concentrations of KCN-1; 0, 5, 7, 10, 12, and 15 µM of 64b; 0, 10, 
12, 15, and 20 µM of 2a; and 0, 10, 20, 30, 50 µM concentrations of 3a. 
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*Experiments in PBS were carried out the same way as the experiments in water except 
DMSO stock solutions were made at 5 mM and the PBS diluted samples rested for one hour 
before particle analysis. 
3.5 Results and Discussion 
3.5.1 Design 
In considering ways to improve water solubility without compromising potency, we 
thought about introducing a commonly used morpholino moiety, which is known to help 
improve water solubility. In doing so, we were interested in searching for the optimal position, 
which would not negatively affect potency. Therefore, we devised four classes of compounds 
(Figure 3.2): Class A incorporates a morpholinomethylphenyl or morpholinophenyl moiety 
instead of the 2,2-dimethyl-2H-chromene moiety and maintains the N-phenyl group; Class B 
incorporates either a morpholinomethylphenyl or morpholinophenyl moiety instead of the 2,2-
dimethyl-2H-chromene moiety and substitutes the N-phenyl group for an N-cyclobutyl group; 
Class C has either a 2,2-dimethyl-2H-chromene or N-(2,2-dimethyl-2H-pyrano[3,2-b]pyridin-6-
yl) moiety and either an N-ethylmorpholino or N-propylmorpholino group instead of the N-




Figure 3.2 Classes of Analogs.  
A) Class A, morpholinomethylphenyl in ortho, meta, or para positions, or 
morpholinophenyl in para position; B) Class B, morpholinomethylphenyl in ortho, meta, or para 
positions, or morpholinophenyl in para position; C) Class C, n = 2 or 3; D) Class D. 
 
3.5.2 Chemistry 
Synthesis of Class A compounds (Scheme 1) was accomplished in 4 steps from 2-, 3-, or 
4-bromomethylbenzylbromide 6a-c or in 2 steps from 4-morpholinobenzaldehyde 8d. 6a-c were 
substituted with morpholine to yield morpholinomethylbenzylbromides 7a-c in quantitative 
yield. Next, the phenyl bromides 7a-c were converted to benzaldehydes 8a-c via lithium-halogen 
exchange at -78°C under inert gas. The aryllithium intermediate was treated with DMF as the 
electrophile in situ to generate the final benzaldehydes 8a-c. The aldehydes 8a-d underwent 
reductive amination with aniline to afford the secondary amines 9a-d. Finally, 9a-d were reacted 








3a = ortho, n = 1
3b = meta, n = 1
3c = para, n = 1
3d = para, n = 0
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4b n = 3
2a = ortho, n = 1
2b = meta, n = 1
2c = para, n = 1


















5a R = phenyl
5b R = cyclobutyl
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(Scheme 1C) were synthesized in almost the same fashion as Class A, except that reductive 
amination of 8a-d was with cyclobutylamine and was not catalyzed by any Lewis acid. 
 
Figure 3.3 Scheme 1. Synthesis of Class A & B Compounds.  
A) Synthesis of precursors; B) Synthesis of Class A; C) Synthesis of Class B; Reagents 
and conditions: (a) morpholine, K2CO3, ACN, room temperature, overnight; (b) 1. n-BuLi, 2. 
DMF, THF, -78°C, 1 hr; (c) aniline, InCl3, NaBH4, ACN, 20 min; (d) 3,4-dimethoxysulfonyl 
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Class C compounds were synthesized (Scheme 2) from 2,2-dimethyl-2H-chromene-6-
carbaldehyde 11, which was readily synthesized from published procedures.13 The aldehyde 11 
underwent reductive amination with either ethylaminomorpholine or propylaminomorpholine to 
give secondary amines 12a-b, which were then reacted with 3,4-dimethoxybenzenesulfonyl 
chloride to afford sulfonamides 4a-b. 
 
Figure 3.4 Scheme 2. Synthesis of Class C Compounds.  
Reagents and conditions: (a) amine, NaBH4, MeOH, overnight; (b) 3,4-
dimethoxysulfonyl chloride, K2CO3, DCM, overnight. 
 
Class D compounds were synthesized (Scheme 3) from 11 in 2 steps. First, 11 underwent 
reductive amination with either aniline or cyclobutylamine to give secondary amines 13a-b. 
Next, the amines 13a-b were reacted with 4-morpholinosulfonyl chloride to afford sulfonamides 
5a-b. 
 
Figure 3.5 Scheme 3. Synthesis of Class D Compounds.  
Reagents and conditions: (a) aniline, InCl3, NaBH4, ACN, 20 min or cyclobutylamine, 
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All the analogues were assessed for their ability to inhibit the HIF-1 pathway using a luciferase 
reporter assay described previously. As can be seen from Table 9, introduction of morpholino 
unit on the sulfonamide nitrogen led to compounds (4) with substantially diminished activity. 
The same is true if the morpholino unit is directly attached to the sulfonyl group (5). In the two 
series of compounds (2,3) with a substituted phenyl group replacing the benzopyran ring in 
KCN-1, only introduction of the morpholino moiety at the para positions (2) allowed for the 
preservation of HIF inhibition activity. For example, compounds 2a and 2d, which have 
exchanged the benzopyran ring for a para-morpholinomethylphenyl and para-
morpholinophenyl, respectively, exhibit IC50 values of 0.9 and 3.8 µM. Similarly, analogues 3a 
and 3d, which replace the N-phenyl with a N-cyclobutyl, but are otherwise structurally the same 
as 2a and 2d, have IC50 values of 1.0 and 2.62 µM, respectively. No other analogues synthesized 
in this work exhibited HIF activity less than 5 µM, suggesting the importance of conserving 
electronic and/or steric effects para to the phenyl ring. Particularly, compound 2a and 3a are 
active to the same order of magnitude as KCN-1, and are about 3-fold less active than previously 
discovered 64b (IC50 = 0.25 µM).12 The improved potency of 2a and 3a over 2d and 3d suggest a 
possible role for flexibility of the ligand in the binding site. 
In order to gain some initial understanding of lipophilicity and solubility, the predicted 
logD and logS values were analyzed for KCN-1, 64b, and each of the analogues discussed. LogP 
refers to a molecule’s partition coefficient, or the log of the ratio between its solubility in octanol 
vs. water.14 This is commonly used to indicate a potential drug’s lipophilicity, and a logP or 
cLogP (calculated logP) less than 5 is generally considered “drug-like”.15 For ionizable small 
molecules, logD is the distribution constant, which describes the partition coefficient at different 
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pH levels.16 A molecule’s water solubility is typically measured at room temperature (20-25°C) 
in mol/L and represented as logS, or clogS when calculated computationally. Drugs on the 
market with a variety of structures tend to have a logS between -5 and -2.17 
Table 8 Structures, luciferase activity, cLogD, and cLogS of analogs. 
Compound Structure IC50 (µM) cLogD cLogS 
KCN-1 
 
0.59 4.99 -6.37 
64b 
 
0.25 3.34 -4.53 
2a 
 
0.9 3.69 -4.39 
2b 
 
>5 3.71 -4.41 
2c 
 
>5 3.80 -4.50 
2d 
 





































1.0 2.94 -3.36 
3b 
 
>5 2.96 -3.38 
3c 
 
>5 3.05 -3.47 
3d 
 
2.62 3.24 -4.15 
4a 
 
>5 3.13 -4.23 
4b 
 
>5 3.17 -4.37 
5a 
 













































>5 2.22 -4.12 
Though several of the morpholine analogues have very drug-like properties, most were not active 
in the luciferase assay. Only 2a, 2d, 3a, and 3d were active toward the HIF pathway and only 2a 
and 3a showed comparable IC50 values as KCN-1. Therefore, we examined their solubility in 
water and phosphate buffered saline (PBS).  
3.5.4 Solubility Studies 
To investigate the true enhancement of aqueous solubility, particle aggregation was examined 
using dynamic light scattering (DLS). DLS can detect particle sizes in solution by measuring 
changes in scattered light in relation to the Brownian motion of particles.18 It is commonly used 
to detect the particle sizes of various chemical and biological molecules, including small 
molecule inhibitors.19 Though there are several methods for detecting solubility, we chose the 
DLS method due to its ease, reproducibility, minimal sample requirement, and relative 








Figure 3.6 Structures of analogs used for dynamic light scattering (DLS) measurements 
 
The active compounds 2a and 3a were compared to their non-morpholine containing 
counterparts, KCN-1 and 64b, respectively (Figure 3.6). Solutions of varying concentrations of 
each compound were made in either water or PBS with 1% DMSO. Each solution was measured 
in the particle size analyzer to identify which samples showed formation of aggregates in 
solution. DLS measurements, summarized in Table 9, revealed that 2a forms aggregates at 
approximately 10 µM, an order of magnitude higher than KCN-1, which is insoluble at just 1 µM 
in water. The N-cyclobutyl analogue 3a forms aggregates in excess of 100 µM, significantly 
higher than its counterpart 64b, which forms particles at a mere 10 µM. In PBS, the solubilities 
observed paralleled those seen in the water solution, where KCN-1 and 2a exhibited comparable 
particle formation at 1 µM and 15 µM, respectively. 64b showed particle formation at 10 µM, 
while 3a showed none at this concentration, as expected. It may seem surprising that 3a is so 
soluble in water and PBS, but with a logD of 2.94 logS of  -3.36 (Table 8), 3a is expected to be 
quite soluble in aqueous solutions. 
Table 9 Measured solubility of selected analogs 
Name Concentration of particle 
appearance in water 
Concentration of particle 






















KCN-1 1 µM 1 µM 
64b 10 µM 10 µM 
2a 10 µM 15 µM 
3a >100 µM >50 µM 
The results described clearly indicate that the (1) the benzopyran ring can be modified and (2) 
the para-position of the phenyl ring can tolerate substantial changes and can be used for 
improvement of water solubility. Such results will help future optimization work. 
3.6 Conclusion 
Of the 12 new morpholine-containing analogues developed in this work, four 
demonstrated HIF inhibition in the low or sub-micromolar range. In particular, 2a and 3a both 
exhibit inhibition of HIF transcriptional activity with IC50 values of 0.9 and 1.0 µM, respectively. 
As expected, the in silico logP and logS values of these analogues are considered more favorable 
than lead compound KCN-1 or its more potent analogue 64b, and are therefore likely to be more 
bioavailable. Following these indications, solubility as measured by particle detection with DLS 
revealed the exceptional solubility of analogues 2a and 3a over their non-morpholine containing 
predecessors KCN-1 and 64b. Particle formation of 3a went undetected in excess of 100 µM in 
water and 50 µM in PBS, while still displaying HIF inhibition in the same order of magnitude as 
lead KCN-1. These results encourage exploration and use of more soluble moieties to further 
probe the SAR (structure-activity relationship) and SSR (structure-solubility relationship) of 
potential analogues. 
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4 DESIGN, SYNTHESIS, AND DISCOVERY OF NOVEL BENZHYDROL-BASED 
INHIBITORS OF THE HYPOXIA-INDUCIBLE FACTOR-1 PATHWAY  
The text in this chapter represents part of a manuscript in preparation. Only the analogues that 
were contributed by JHF are included. 
4.1 Abstract 
The hypoxia inducible factor 1 (HIF-1) is an important transcription factor for cell 
survival in low oxygen concentrations. The potential implications in cancer therapeutics led to 
the development of a diverse class of novel benzhydrol inhibitors based on the lead 1. Many of 
these analogues inhibit mitochondrial complex I (NADH:ubiquinone oxidoreductase), which has 
been shown to negatively affect proliferative tissue undergoing aerobic glycolysis. Of the 43 
novel HIF inhbitors developed, 26 exhibited inhibition less than 5 µM in an HRE-luciferase 
assay. The best compound, 6a, led to the development of some of the most potent Complex I 
inhibitors discovered to date. The qualitative structure-activity relationship developed here may 
provide some insights into future direction for establishing new inhibitors as well as the proposed 
mode of in vivo cancer treatment. 
4.2 Introduction 
Since their discovery in the 1990’s, Hypoxia Inducible Factors (HIFs) have been sought 
as a viable target for inhibiting cancer progression, due to their ability to encourage cell survival 
in conditions of hypoxia, or low oxygen. One common hallmark of many tumors, especially 
solid tumors, is their increased hypoxia due to the poor vasculature surrounding the tumor mass, 
resulting in poor oxygen diffusion into tumor cells. This low oxygen concentration induces the 
stabilization of HIF1α, one of the heterodimers of HIF1. HIFs are heterodimeric transcription 
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factors, made up of a constitutively expressed β subunit and inducible α subunit, which is 
strongly regulated and degraded by oxygen1.  
In normoxia, or normal oxygen conditions, HIF1α is dihydroxylated by oxoglutarate and 
Fe(II)-dependent prolyl hydroxylase on proline residues 402 and 564. This post-translationally 
modified HIF1α then interacts with the E3 ubiquitin ligase Von Hippel-Lindau factor (VHL), 
which polyubiquitinates the protein, tagging it for proteosomal degradation (Figure 4.1). This 
regulation process is halted when oxygen is not present, allowing HIF1α to accumulate in the 
cell. The subunit binds to the HIF1β subunit, translocates into the nucleus of the cell, and, with 
the help of a cofactor such as p300, the complete complex activates transcription of genes that 
are involved in angiogenesis, glycolysis, metastasis and more. Given its role in helping the 
cancer cell thrive, HIF has been explored as an important pathway for treatment of tumors.1-2  
In fact, a variety of inhibitors have been developed by numerous labs to inhibit various 
targets of the HIF pathway3. These include but are not limited to: (1) attenuating HIF mRNA 
expression and protein translation, (2) oxygen- and/or VHL-independent degradation of HIF, (3) 
inhibition of HIF complex and DNA binding, and (4) inhibiting the interaction between HIF and 
cofactor p300. Traditionally, our research has focused on this final method for inhibition, 
asserting that the protein-protein interaction between HIF1α and p300 made for a valuable site 
for a small molecule target, such as previously studied KCN1 and 64B. Indeed, utilizing these 
compounds as potential drug leads opened up a rather extensive library of analogues that gave a 






In an attempt to develop novel analogs with more potent inhibition and novel 
mechanisms of action, we were inspired by the manassantin natural products (Figure 2). These 
extracts of the Saururus cernuus aquatic plant have been observed to reduce HIF transcriptional 
activity, by reducing the amount of HIF1α present in the cells5, though the exact mechanism 
remained unclear until 2005 when Hossain determined manassantins might inhibit mitochondrial 
oxygen consumption6. 
Figure 4.1 HIF Pathway in hypoxic (top) and 
normoxic (bottom) conditions 
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Figure 4.2 Structures of Manassantins A and B 
 
Indeed, in 2013 Lai et al determined manassantins A and B (Figure 4.2) inhibit Complex 
I to the low nanomolar range (21 and 4.5nM, respectively)7. Their findings, among others, 
suggest that inhibiting the oxidative phosphorylation pathway affects the stability of HIF1α. In 
fact, at the time of this writing, there are at least five other known inhibitors, furospongolide8, 4’-
O-methylalpinumisoflavone9, laurenditerpenol10, BAY 87-224311, and even the well-known 
Complex I inhibitor rotenone12, which weakens HIF transcriptional activity by inhibiting 
Complex I of the mitochondria. Here, we present lead compound 1 (Figure 4.3) and its analogs, 
which are loosely inspired by the natural product manassantin, but differ in their size, relatively 






















Figure 4.3 Structure of 1 with four regions of interest highlighted 
4.3 Results and Discussion 
4.3.1 Design 
 
Figure 4.4 Design of benzhydrol analogs from 1 
 
With the structure of 1 in mind, several analogues were designed with the aim of 
modifying Region I to probe not only the necessity of the tetrahydrofuran ring, but also the 












































Class 2: Naphthalene and 
Fused Ring Analogues
Class 5: Modified Linker
n
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that the position of the substituent to the methanolic linker (para-, meta-, ortho-) could be 
explored for its inhibitory ability. Most of these analogues are benzylic ethers, where n = 1 
(Figure 4), though there are a few compounds with phenolic ether linkages, where n = 0.  
Classes 2 through 4 were designed to probe variations of Region II. Specifically, Class 2 
uses a naphthalene or one of several fused rings, such as benzopyran, as its Region II; Class 3 is 
composed of many tri- and tetra- substituted benzenes; and Class 4 probes the necessity of an 
aromatic ring for Region II by substituting either cyclopentane or cyclohexane rings. 
Finally, several analogues were developed to probe the importance of the hydroxyl linker 
in Region III. The compounds synthesized in Class 5 have the hydroxyl group oxidized to a 
ketone, have an extra methylene in the bridge between phenyl rings, or some other modification. 
It should be noted that significant modifications to Region IV in green were not significantly 
explored here due to previous findings on a different scaffold, suggesting the important of the 
methoxy- substitutions on that ring.  
4.3.2 Chemistry 
4.3.2.1 Class 1A-C 
The synthesis of 1 and it’s related analogues were achieved according to known 
procedures in the literature. A commercially available alcohol (R1) underwent SN2 attack of 4-, 
3-, or 2- bromobenzylbromide to afford the para-, meta-, or ortho-substituted ether intermediates 
2a-h, 3a-f, and 4a-b, respectively. Ethers 2j-l and 3j were synthesized by an SN2 reaction with 
4-, 3-bromophenol in basic conditions under reflux. In the cases of 2b and 3a, Boc protected 
piperidine alcohols were first synthesized using Boc-anhydride in water to make 8 and 9. 
Electrophile 10 was used for alkylation to make 2f. Lithium-halogen exchange in the presence of 
n-butyllithium under dry conditions, followed by addition to the corresponding aldehyde, 
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provided the final products 5a-l, 6a-j, and 7a-b. 
 
Figure 4.5 Scheme 1. Synthesis of Class 1A-C analogs 
Reagents and conditions: (a) NaH, alcohol, 0°C to room temperature, overnight; b) 1-
bromoalkane or 10, K2CO3, acetone, reflux, overnight; c) n-BuLi, aldehyde, -78°C ; d) (Boc)2O, 
H2O, room temperature; e) TsCl, DMAP, triethylamine, DCM, room temperature. 
Table 10 Structures and HIF inhibitory activities of Class 1 analogs 
Scheme  
Name 























































































































































































4.3.2.2 Class 2 – Naphthalene/Fused Ring Analogues 
Class 2 compounds were synthesized in two steps in the same manner as described for 
Classes 1 and 2. Aldehydes 11a-b,d-e were coupled with 4-bromo-1-methoxybenzene or 4-
bromo-1,2-dimethoxybenzene through lithiation to yield alcohols 12a-b,d-e. Compound 12b was 
subsequently hydrogenated to afford 12c.  Compounds 12e-g were synthesized in two steps by 
an SN2 reaction with corresponding alcohols and 6-bromonaphthalen-2-ol, followed by lithium 
halogen exchange to yield ethers 11e-f and alcohols 12e-g, respectively. Finally, 12i was made 
by N-allylation of 5-bromoindole to make intermediate 11h and subsequent lithium halogen 














Figure 4.6 Synthesis of Class 2 analogs 
Reagents and conditions: a) n-BuLi, bromide, -78°C; b) 10 or benzylbromide, K2CO3, 
acetone, reflux, overnight; c) n-BuLi, aldehyde, -78°C ; d) allylbromide, NaOH, DMSO, room 
temperature. 






































































































4.3.2.3 Class 3 – Multi substituted Region II 
Class 3 compounds were synthesized in two steps, in the same way as previously 
described from 4-bromo-3-methylphenol, or 4-bromo-3-methoxyphenol. These analogues were 
developed to probe the steric and electrostatic requirements on Region II.  
 
 
Figure 4.7 Scheme 3. Synthesis of Class 3 analogs 
Reagents and conditions: (a) hexylbromide or 10, K2CO3, acetonitrile, reflux; (b) n-BuLi, 
3,4-dimethoxybenzaldehyde or 3,4,5-trimethoxybenzaldehyde, -78°C . 
Table 12 Structure and HIF inhibitory activity of Class 3 analogs 
Scheme  
Name 









4.3.2.4 Class 4 – non-aromatic region II 
With an interest in understanding the role of the Region II aromatic ring, several 
cyclohexane and cyclopentane derivatives were synthesized. A simple Grignard reaction was 



















Figure 4.8 Scheme 4. Synthesis of Class 6 analogs 
Reagents and Conditions: (a) Mg, I2, aldehyde, THF, 65°C.  
Table 13 Structures and HIF inhibitory activities of Class 4 analogs 












4.3.2.5 Class 5 – Modified linker, Region III  
Various compounds were synthesized according to Scheme 5. Existing analogue 6a was 
oxidized using PCC to make 16, which then underwent selective reduction using Corey-Bakshi-
Shibata reagent to make 17. Scheme 5B illustrates the use of bis(4-methoxyphenyl)methanone, 
base, and hydroxylamine to make the new oxime species 18. This analogue could then undergo a 





















Alcohol 23 had a more extensive synthesis with a total of 4 steps. Aldehyde 21 was made in two 
steps by reducing 2-(3,4,5-trimethoxyphenyl)acetic acid to 20, and subsequent oxidation using 
PCC. Ether intermediate 22 was made via an SN2 reaction between 10 and 4-bromo-3-
methylphenol, in the same manner as previously described for comparable ethers. The 
aryllithium was then generated with the assistance of n-buLi and addition of the aldehyde 
followed to give the final product (Scheme 5C).  
 
Figure 4.9 Scheme 5. Synthesis of Class 5 analogs 
Reagents and conditions: a) PCC, celite, DCM, 1.5 h; b) R-CBS, BH3-SMe2, THF, 0°C; 
c) NH2OH-HCl, pyridine, overnight, room temperature; d) iodine, ACN, reflux; e) BH3-THF, 
THF, 0°C; f) PCC, DCM, room temperature; g) n-BuLi, 21, -78°C. 
Table 14 Structures and HIF inhibitory activities of Class 5 analogs 
Scheme 
 Name 








































































4.3.3 HIF-1 Pathway Inhibition 
 
To measure the effects of these analogues on the HIF pathway, an HRE-luciferase assay 
was used as previously reported on LN229HRE-luc/lacZ cells4a, 4e. The values are in each of the 
Tables 10 through 14, along with the compound structures for easy comparison.  
4.3.4 Structure-Activity Relationship 
Class 1 analogues were designed to investigate the effects of modulating the Region I 























and ortho- positions for subclasses A, B, and C, respectively. The best analogues of each class 
are those that are either meta- or para-substituted, with 6a being the most active compound 
within the class. The bulk of the N-Boc protected piperidine group suggests that the sterics of the 
binding site prefers a larger group in that side of the molecule. This is further supported by the 
good activity of analogues 5a, 5f, 5j, and 6f which contain a Region I comprised of cyclohexyl 
ring, butyl chain, or piperidine ring. All of the analogues that incorporate the N-boc protected 
piperidine moiety have an IC50 value less than 1 µM (5c, 5j, 6a, and 6b). 
There doesn’t appear to be any major significance between those benzylic ethers and 
phenolic ether (5j-5l, 6j) linkages between Regions I and II. Generally speaking, ortho 
substitutions led to poor activity when compared with meta- or para- substituted analogs. This is 
well reflected in n-butyl substituted analogues (5f-g, 6d-f, 7a) and phenyl ring containing 
analogues  (5h-i, 6g, 7b). In both cases, the meta substituted analogues made the most significant 
contributions to diminishing HIF activity with IC50 values of 0.48 µM (6f) and 1.0 µM (6g), 
compared to their ortho- counterparts, 7a and 7b, which were completely inactive below 10 µM. 
Meta-substitutions tended to lead to a more favorable IC50 value, including in the case of 6a, 
which has an IC50 of 0.2 compared with 0.89 of its Class 1A counterpart 5c. This observation 
asserts an important role in sterics and perhaps stability of the Boc protection in the nitrogen 
ring. 
Classes 2 through 4 were designed to probe the effects of modifying Region II of the lead 
structure 1. Region II of this scaffold can tolerate a wide range of modification, given that almost 
all of the analogues in Classes 2 and 3 (excluding 12a and 12d) inhibited the HIF pathway at less 
than 5 µM. The naphthalene functionality of Class 2 appears to preserve the activity of their 
Class 1 offsets, and specific improvements in activity are observed in the cases of 12g-h vs 5h, 
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the naphthalene having a 3 fold increase in activity, and piperidine containing analogue 12f is 
relatively on par with its Class 1 analogue 5j, suffering slightly in activity (0.5 vs. 0.33 µM IC50 
values, respectively.) Several of the other so-called “fused ring” analogues from Class 2, which 
combine Regions I and II in a sense, also had good inhibitory activity. This suggests that even 
though they are not as bulky as the active compounds from the Region I modifications, they may 
be “locked” in a preferred geometry for binding. 
Though Class 3 only has two new compounds that have been included, some interesting 
information is revealed. Analogue 14b has comparable activity to its previously discussed 
naphthalene counterpart 12f. More notably, 14a, with an IC50 of 1.3 µM has significantly 
improved activity over 5k, which is structurally the same except it lacks the additional methyl 
group on Region II and includes another methoxy on the benzene ring in Region IV. This 
remarkable improvement in activity, or maintenance of activity as in the case of 14b, leaves an 
opening for further exploration of this multi-substituted class of compounds. Indeed, additional 
work within the Wang lab by other researchers has complemented and supported this idea, 
leading to some of the most potent HIF inhibitors discovered to date (unpublished results).  
Class 5 analogues reveal just how important the methanolic linker of Region III is for 
inhibition via HIF. When the alcohol is oxidized to a ketone (6a vs. ketone 16), the activity is 
completely obliterated. This finding might suggest that the hydroxyl group may be participating 
as a hydrogen donor, though oxime 18 and amide 19 are also inactive. Compound 23 
demonstrates another interesting set of potential modifications that may be well tolerated by this 
new class. The extra methylene in the linker between benzene rings somewhat mimics the 
structure of the manassantins a little better, though 23 lacks the methyl group (Fig. 1, Table 5). 
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Compared to 5j, 23, suffers slightly in HIF inhibitory activity, but it could still lead to the 
development of novel inhibitors with improved potency. 
4.4 Conclusion 
A new library of benzhydrol compounds has been designed with several new compounds 
developed for their observed ability to inhibit HIF transcriptional activity. Most notably is 
compound 6a, with an IC50 of 250 nM in a HIF-luciferase assay.  
4.5 Experimental 
4.5.1 General methods and materials: 
All commercial chemicals were reagent grade, obtained from VWR, Aldrich, and Oakwood 
Chemicals and were used without further purification unless otherwise indicated. 1H and 13C 
spectra were obtained on a Bruker 400 NMR spectrometer at 400 and 100 MHz, respectively, in 
deuterated solvent with TMS as internal reference (δ = 0.00 ppm). For all reactions, analytical 
grade solvent was used.  Anhydrous solvents were used for all moisture-sensitive reactions. 
High-resolution mass spectra were obtained by the Mass Spectrometry Facilities at Georgia State 
University on a Waters Micromass Q-Tof (ESI). 
4.5.2 General procedure for SN2 displacement of bromide by alcohols:  
One equivalent of 4-, 3-, or 2-bromobenzylbromide was dissolved in anhydrous THF and cooled 
in an ice bath. Sodium hydride (1.5 equiv.) followed by 1.0 equivalents of alcohol reagent were 
added and the reaction stirred overnight and the ice bath was allowed to warm to room 
temperature. The reaction was quenched with saturated NH4Cl, taken up in ethyl acetate, washed 
with brined, dried over MgSO4, and purified by flash column chromatography. 
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4.5.3 General procedure for SN2 displacement of bromide by phenols:  
One equivalent 4-, 3-bromophenol, 6-bromonapthalen-2-ol, 4-bromo-3-methylphenol, or 4-
bromo-3-methoxyphenol was dissolved in acetonitrile. Two equivalents of corresponding 
bromide or 10 and three equivalents of K2CO3 were added and the reaction was brought to reflux 
and stirred to completion. Reaction mixture was cooled by removing from heat, concentrated in 
vacuo, taken up in ethyl acetate, washed with brined, dried over MgSO4, and purified by flash 
column chromatography. 
4.5.4 General procedure for coupling between aryl bromide and aryl aldehyde to form 
alcohols:  
One equivalent aryl bromide was dissolved in anhydrous THF under argon and cooled in a dry 
ice/acetone bath. After 20 min, 1.4 equivalents of BuLi was added. After 20 min, 1.4 equivalents 
of aryl aldehyde was added. The reaction was stirred in the dry ice/acetone bath for 40 min 
before the reaction temperature was brought to room temperature and then quenched with 
saturated NH4Cl. The reaction mixture was taken up in ethyl acetate, washed with brine, dried 
over MgSO4, and purified by flash column chromatography. 
4.5.5 General procedure for Grignard reaction to form alcohols: 
 
1-bromo-4-((cyclohexyloxy)methyl)benzene (2a). 
Yield: 78%. 1H NMR (400 MHz, CDCl3): δ 7.45 (d, J = 8Hz, 2H), 7.22 (d, J = 8Hz, 2H), 4.49 (s, 






tert-butyl 4-((4-bromobenzyl)oxy)piperidine-1-carboxylate (2b) 
1H NMR (400 MHz, CDCl3): δ 7.46 (d, J = 8Hz, 2H), 7.21 (d, J = 8Hz, 2H), 4.49 (s, 2H), 3.74 
(m, 2H), 3.55-3.52 (m, 1H), 3.13-3.07 (m, 2H), 1.82 (m, 2H), 1.58-1.56 (m, 2H), 1.45 (s, 9H). 




1H NMR (400 MHz, CDCl3): δ 7.45 (d, J = 8Hz, 2H), 7.21 (d, J = 8Hz, 2H), 4.44 (s, 2H), 3.53 
(q, J = 20Hz, 2H), 1.24 (t, J = 16Hz, 3H) ppm. 
 
1-bromo-4-(butoxymethyl)benzene (2d). 
1H NMR (400 MHz, CDCl3): δ 7.46 (d, J = 8Hz, 2H), 7.21 (d, J = 8Hz, 2H), 4.44 (s, 2H), 3.46 (t, 















tert-butyl 4-(2-(4-bromophenoxy)ethyl)piperidine-1-carboxylate (2f). 
1H NMR (400 MHz, CDCl3): δ 7.34 (d, J = 8Hz, 2H), 6.74 (d, J = 8Hz, 2H), 4.07 (m, 2H), 3.95 
(t, J = 12Hz, 2H), 2.72-2.66 (m, 2H), 1.70-1.67 (m, 5H), 1.44 (s, 9H), 1.18-1.13 (m, 2H) ppm. 
13C NMR (100 MHz, CDCl3): δ 158.0, 156.1, 154.9, 132.2, 132.1, 117.3, 116.2, 79.4, 65.6, 44.0, 
35.6, 32.9, 32.0, 28.4 ppm. 
 
1-bromo-4-(hexyloxy)benzene (2g). 
1H NMR (400 MHz, CDCl3): δ 7.36 (d, J = 12Hz, 2H), 6.77 (d, J = 8Hz, 2H), 3.91 (t, J = 16Hz, 
2H), 1.77 (quintet, 2H), 1.47-1.43 (m, 2H), 1.34 (m, 4H), 0.93 (t, J = 12Hz, 3H) ppm. 13C NMR 
(100 MHz, CDCl3): δ 158.1, 132.3, 116.4, 112.6, 68.3, 31.7, 29.2, 25.8, 22.7, 14.1 ppm. 
 
1-bromo-4-((2-methylallyl)oxy)benzene (2h). 
1H NMR (400 MHz, CDCl3): δ 7.34 (d, J = 12Hz, 2H), 6.77 (d, J = 8Hz, 2H), 5.06 (s, 1H), 4.97 
(s, 1H), 4.37 (s, 2H), 1.79 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 157.8, 140.5, 132.2, 











tert-butyl 4-((3-bromobenzyl)oxy)piperidine-1-carboxylate (3a). 
Yield: 75%. 1H NMR (400 MHz, CDCl3): δ 7.47 (s, 1H), 7.37 (d, J = 8Hz, 2H), 7.24-7.16 (m, 
2H), 4.49 (s, 2H), 3.76-3.73 (m, 2H), 3.53 (septet, 1H), 3.12-3.06 (triplet of doublets?, 2H), 1.82 
(m, 2H), 1.59-1.54 (m, 2H), 1.44 (s, 9H). 13C NMR (100 MHz, CDCl3): δ 154.8, 141.1, 130.5, 
130.3, 129.9, 125.8, 122.5, 79.4, 74.3, 69.0, 30.9, 28.4 ppm. 
 
1-bromo-3-(ethoxymethyl)benzene (3b). 
Yield: 42%. 1H NMR (400 MHz, CDCl3): δ 7.53 (s, 1H), 7.42 (d, J = 8Hz, 1H), 7.28 (d, J = 8Hz, 
1H), 7.22 (t, J = 16Hz, 1H), 4.49 (s, 2H), 3.56 (q, J = 20Hz, 2H), 1.28 (t, J = 12Hz, 3H) ppm. 
 
1-bromo-3-(butoxymethyl)benzene (3c). 
1H NMR (400 MHz, CDCl3): δ 7.52 (s, 1H), 7.42 (d, J = 8Hz, 1H), 7.28 (d, J = 8Hz, 1H), 7.22 (t, 
J = 16Hz, 1H), 4.48 (s, 2H), 3.49 (t, J = 12Hz, 2H), 1.63 (quintet, 2H), 1.42 (sextet, 2H), 0.95 (t, 










1H NMR (400 MHz, CDCl3): δ 7.65 (s, 1H), 7.49 (d, J = 8Hz, 1H), 7.40-7.33 (m, 3H), 7.28 (t, J 
= 12Hz, 1H), 7.05-7.00 (m, 3H), 5.05 (s, 2H) ppm. 
 
1-((3-bromobenzyl)oxy)naphthalene (3e). 
1H NMR (400 MHz, CDCl3): δ 8.34 (d, J = 8Hz, 2H), 7.82 (d, J = 8Hz, 2H), 7.70 (s, 1H), 7.54-
7.46 (m, 5H), 7.37 (t, J = 16Hz, 1H), 7.31-7.27 (m, 1H), 6.85 (d, J = 8Hz, 2H), 5.22 (s, 2H) ppm. 
 
1-bromo-3-(hexyloxy)benzene (3f). 
1H NMR (400 MHz, CDCl3): δ 7.13 (t, J = 16Hz, 1H), 7.07-7.06 (m, 2H), 6.83 (d, J = 8Hz, 2H), 
3.93 (t, J = 12Hz, 2H), 1.77 (q, 2H), 1.47-1.44 (m, 2H), 1.36-1.34 (m, 4H), 0.93 (t, J = 12Hz, 
3H) ppm. 13C NMR (100 MHz, CDCl3): δ 159.9, 130.4, 123.5, 122.8, 117.7, 113.5, 68.2, 31.5, 
29.1, 25.7, 22.6, 14.0 ppm. 
 
1-bromo-2-(butoxymethyl)benzene (4a). 
1H NMR (400 MHz, CDCl3): δ 7.55-7.50 (m, 2H), 7.32 (t, J = 16Hz, 1H), 7.14 (t, J = 16Hz, 1H), 
4.58 (s, 2H), 3.57 (t, J = 12Hz, 2H), 1.64 (quintet, 2H), 1.47 (sextet, 2H), 0.97 (t, J = 16Hz, 3H) 
ppm. 13C NMR (100 MHz, CDCl3): δ 138.1, 132.5, 128.9, 128.7, 127.4, 122.6, 72.1, 70.8, 31.9, 










1H NMR (400 MHz, CDCl3): δ 7.350-7.306 (m, 4H), 6.915 (s, 1H), 6.886-6.865 (d, J = 8.4 Hz, 
1H), 6.819-6.799 (d, J = 8 Hz, 1H), 5.785 (s, 1H), 4.524 (s, 2H), 3.856 (s, 3H), 3.842 (s, 3H), 




Yield: 12%. 1H NMR (400 MHz, CDCl3): δ 7.351-7.331 (d, J = 8 Hz, 2H), 7.310-7.290 (d, J = 8 
Hz, 2H), 7.077-7.056 (d, J = 8.4 Hz, 1H), 6.457 (s, 1H), 6.442-6.422 (d, J = 8 Hz, 1H), 5.994 (s, 
1H), 4.526 (s, 2H), 3.789 (s, 6H), 3.351-3.331 (m, 1H), 2.875 (s, 1H), 1.959-1.928 (m, 2H), 





















1H NMR (400 MHz, CDCl3): δ 7.368-7.348 (d, J = 8.0 Hz, 2H), 7.323-7.303 (d, J = 8.0 Hz, 2H), 
6.923 (s, 1H), 6.892-6.869 (d, J = Hz, 1H), 6.828-6.808 (d, J = 8.0 Hz, 1H), 5.798 (s, 1H), 4.535 
(s, 2H), 3.862 (s, 3H), 3.851 (s, 3H), 3.752 (m, 2H), 3.551 (m, 1H), 3.114-3.058 (m, 2H), 2.15 (s, 
1H), 1.835 (m, 2H), 1.451 (s, 9H) ppm. 
 
(3,4-dimethoxyphenyl)(4-(ethoxymethyl)phenyl)methanol (5d). 
1H NMR (400 MHz, CDCl3): δ 7.359-7.339 (d, J = Hz, 2H), 7.321-7.301 (d, J = Hz, 2H), 6.914 
(s, 1H), 6.881-6.860 (d, J = Hz, 1H), 6.820-6.799 (d, J = Hz, 1H), 5.785 (s, 1H), 4.482 (s, 2H), 
3.856 (s, 3H), 3.841 (s, 3H), 3.540-3.505 (q, J = Hz, 2H), 2.235 (s, 1H), 1.251-1.216 (t, J = Hz, 
3H) ppm. 13C NMR (100 MHz, CDCl3): δ  ppm. 
 
(4-(ethoxymethyl)phenyl)(4-methoxyphenyl)methanol (5e). 
1H NMR (400 MHz, CDCl3): δ 7.356-7.336 (d, J = Hz, 2H), 7.317-7.297 (d, J = Hz, 2H), 7.281-
7.259 (d, J = Hz, 2H), 6.866-6.845 (d, J = Hz, 2H), 5.794 (s, 1H), 4.480 (s, 2H), 3.786 (s, 3H), 
3.555-3.502 (q, J = Hz, 2H), 2.215 (s, 1H), 1.251-1.216 (t, J = Hz, 3H) ppm. 13C NMR (100 














Yield: 15%. 1H NMR (400 MHz, CDCl3): δ 7.348-7.327 (d, J = 8 Hz, 2H), 7.306-7.286 (d, J = 8 
Hz, 2H), 6.909 (s, 1H), 6.875-6.854 (d, J = Hz, 1H), 6.811-6.790 (d, J = Hz, 1H), 5.765 (s, 1H), 
4.468 (s, 2H), 3.847 (s, 3H), 3.830 (s, 3H), 3.474-3.441 (t, J = Hz, 2H), 2.385 (s, 1H), 1.620-
1.549 (m, J = Hz, 2H), 1.408-1.352 (m, J = Hz, 2H), 0.924-0.888 (t, J = Hz, 3H) ppm.  
 
(4-(butoxymethyl)phenyl)(2,4-dimethoxyphenyl)methanol (5g). 
Yield: 19%. 1H NMR (400 MHz, CDCl3): δ 7.360-7.340 (d, J = 8 Hz, 2H), 7.302-7.282 (d, J = 8 
Hz, 2H), 6.461 (s, 1H), 6.445-6.424 (d, J = Hz, 1H), 4.481 (s, 2H), 3.791 (s, 6H), 3.483-3.450 (t, 
J = Hz, 2H), 2.893-2.880 (d, J = Hz, 1H), 1.611-1.574 (m, J = Hz, 2H), 1.417-1.361 (m, J = Hz, 
2H), 0.930-0.893 (t, J = Hz, 3H) ppm. 
 
1H NMR (400 MHz, CDCl3) δ 8.52 (s, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 
6.91 (d, J = 8.0 Hz, 1H), 6.87 (s, 1H), 6.82 (d, J = 8.0 Hz, 1H), 5.69 (s, 1H), 4.50 (s, 2H), 3.86, 
(s, 3H), 3.83 (s, 3H), 3.49 (t, J = 16.0 Hz, 1H), 1.61 – 1.56 (quintet, 2H), 1.41 – 1.36 (sextet, 
2H), 0.91 (t, J = 16.0 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3) δ 160.5, 149.1, 148.8, 147.1, 













1H NMR (400 MHz, CDCl3) δ 7.43 – 7.38 (m, 4H), 7.30 – 7.26 (m, 2H), 6.97 – 6.88 (m, 5H), 
6.82 (d, J = 8.0 Hz, 1H), 5.81 (s, 1H), 5.05 (s, 2H), 3.86 (s, 3H), 3.85 (s, 3H), 2.17 (s, 1H). 13C 
NMR (101 MHz, CDCl3) δ  
 
(4-(phenoxymethyl)phenyl)(3,4,5-trimethoxyphenyl)methanol (5i). 
1H NMR (400 MHz, CDCl3) δ 7.45 – 7.41 (m, 4H), 7.32 – 7.28 (m, 2H), 7.00 – 6.96 (m, 3H), 
6.63 (s, 1H), 5.80 (s, 1H), 5.07 (s, 2H), 3.85 (s, 9H), 2.33 (s, 1H) ppm. 13C NMR (101 MHz, 
CDCl3) δ 158.8, 153.4, 143.4, 139.4, 136.7, 129.6, 127.8, 126.8, 121.1, 114.9, 103.6, 76.2, 69.7, 




1H NMR (400 MHz, CDCl3) δ 7.269-7.248 (d, J = 8.4 Hz, 2H), 6.915 (s, 1H), 6.873-6.796 (m, 
4H), 5.742 (s, 1H), 3.995-3.966 (m, 2H), 3.849 (s, 3H), 3.837 (s, 3H), 2.714-2.655 (m, 2H), 2.35 

















CDCl3) δ 158.35, 154.87, 149.01, 148.35, 136.84, 136.29, 127.79, 118.78, 114.35, 110.91, 






1H NMR (400 MHz, CDCl3): δ 7.284 (s, 2H), 6.919-6.813 (m, 5H), 6.051-6.011 (m, 1H), 5.766 
(s, 1H), 5.423-5.379 (d, J= Hz, 1H), 5.290-5.263 (d, J= Hz, 1H), 4.532-4.519 (s, 2H), 3.865 (s, 




Yield: 31%. 1H NMR (400 MHz, CDCl3): δ 7.372 (s, 1H), 7.340-7.264 (m, 3H), 6.945 (s, 1H), 
6.907-6.887 (d, J = 8 Hz, 1H), 7.6.849-6.829 (d, J = 8 Hz, 1H), 4.555 (s, 2H), 3.882 (s, 3H), 












1.576 (m, 2H), 1.474 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3): 154.9, 149.1, 148.5, 144.1, 
138.9, 136.5, 128.6, 126.6, 125.7, 125.5, 119.0, 110.9, 109.8, 79.5, 75.9, 74.1, 69.8, 55.9, 55.8, 




1H NMR (400 MHz, CDCl3): δ 7.372 (s, 1H), 7.340-7.264 (m, 3H), 6.945 (s, 1H), 6.907-6.887 
(d, J = 8 Hz, 1H), 7.6.849-6.829 (d, J = 8 Hz, 1H), 4.555 (s, 2H), 3.882 (s, 3H), 3.868 (s, 3H), 
3.769 (m, 2H), 3.570-3.542 (m, 1H), 3.125-3.068 (m, 2H), 1.845 (m, 2H), 1.620-1.576 (m, 2H), 
1.474 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3): 
 
(3-(ethoxymethyl)phenyl)(4-methoxyphenyl)methanol (6c). 
1H NMR (400 MHz, CDCl3): δ 7.361 (s, 1H), 7.313-7.241 (m, 5H), 6.872-6.850 (d, J =  Hz, 1H), 
5.804 (s, 1H), 4.485 (s, 2H), 3.789 (s, 3H), 3.559-3.507 (q, J =  Hz, 2H), 2.195 (s, 1H), 1.252-














Yield: 51%. 1H NMR (400 MHz, CDCl3): δ 7.364 (s, 1H), 7.331-7.255 (m, 5H), 6.886-6.865 (d, 
J = 8.4 Hz, 1H), 5.783 (s, 1H), 4.495 (s, 2H), 3.801 (s, 3H), 3.496-3.463 (t, J = 13.2 Hz, 2H) 
2.546 (s, 1H), 1.631-1.594 (m, J = 14.8 Hz, 2H), 1.434-1.378 (m, J = 22.4 Hz, 2H), 0.960-0.924 
(t, J = 14.4 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ  ppm. HRMS (ESI) m/z calculated for 
C21H25O5 [(M - H)-], found. 
 
(3-(butoxymethyl)phenyl)(3,4-dimethoxyphenyl)methanol (6e).  
1H NMR (400 MHz, CDCl3): δ 7.351 (s, 1H), 7.314-7.256 (m, 3H), 6.922 (s, 1H), 6.890-6.872 
(d, J = Hz, 1H), 6.824-6.804 (d, J = 8.0 Hz, 1H), 5.798 (s, 1H), 4.479 (s, 2H), 3.858 (s, 3H), 
3.842 (s, 3H), 3.474-3.441 (t, J = Hz, 2H), 2.200 (s, 1H), 1.600-1.563 (m, 2H), 1.402-1.347 (m, 
2H), 0.922-0.886 (m, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 148.96, 128.42, 126.66, 126.27, 
126.21, 120.00, 110.82, 110.48, 79.96, 72.84, 70.29, 55.89, 55.82, 31.85, 19.39, 13.93 ppm. 
 
(3-(butoxymethyl)phenyl)(2,4-dimethoxyphenyl)methanol (6f).  
1H NMR (400 MHz, CDCl3): δ 7.380 (s, 1H), 7.319-7.250 (m, 3H), 7.107-7.086 (d, 1H), 6.486-
6.448 (m, 2H), 6.030 (s, 1H), 4.505 (s, 2H), 3.807 (s, 6H), 3.492-3.459 (t, J = Hz, 2H), 3.001 (s, 














Yield: 62%.1H NMR (400 MHz, CDCl3): δ 7.463 (s, 1H), 7.348-7.256 (m, 4H), 6.968-6.807 (m, 
7H), 5.816 (s, 1H), 5.048 (s, 2H), 3.861 (s, 3H), 3.827 (s, 3H), 2.203, (s, 1H) ppm.  
 
(3,4-dimethoxyphenyl)(3-((naphthalen-1-yloxy)methyl)phenyl)methanol (6h). 
1H NMR (400 MHz, CDCl3): δ 8.302-8.283 (d, J = Hz, 1H), 7.813-7.793 (d, J = Hz, 1H), 7.553 
(s, 1H), 7.499-7.353 (m, 6H), 6.930-6.818 (m, 4H), 5.855 (s, 1H), 5.244 (s, 2H), 3.868 (s, 3H), 
3.825 (s, 3H), 2.209 (s, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ  ppm. 
 
(3-((naphthalen-1-yloxy)methyl)phenyl)(phenyl)methanol (6i). 
Yield: 38%. 1H NMR (400 MHz, CDCl3): δ 8.302-8.283 (d, J = Hz, 1H), 7.815-7.797 (d, J = Hz, 
1H), 7.553 (s, 1H), 7.500-7.283 (m, 11H), 6.877-6.858 (d, J = Hz, 1H), 5.900 (s, 1H), 5.233 (s, 













1H NMR (400 MHz, CDCl3) δ 7.23 (t, J = 8 Hz, 1H), 6.94-6.87 (m, 4H), 6.80 (t, J = 8 Hz, 2H), 
5.74 (s, 1H), 3.93 (t, J = 6.4, 2H), 3.85 (s, 3H), 3.84 (s, 3H), 2.31 (bs, 1H), 1.76 (quintet, J = 7.2 
Hz, 2H), 1.46-1.41 (m, 2H), 1.34-1.31 (m, 4H), 0.9 (t, J = XX Hz, 3H) ppm. 13C NMR (101 
MHz, CDCl3) δ 159.4, 149.1, 148.6, 145.6, 136.6, 129.5, 119.1, 118.7, 113.5, 112.8, 111.1, 
109.9, 76.0, 68.1, 56.0, 55.9, 31.7, 29.3, 25.8, 22.7, 14.2 ppm. 
 
(2-(butoxymethyl)phenyl)(3,4-dimethoxyphenyl)methanol (7a) 
1H NMR (400 MHz, CDCl3) δ 7.31-7.28 (m, 3H), 7.22 (d, J = 8.0 Hz, 1H), 6.62 (s, 2H), 5.94 (d, 
J = 8.0 Hz, 1H), 4.58 (d, J = 12.0 Hz, 1H), 4.37-4.34 (m, 2H), 3.85 (s, 3H), 3.80 (s, 6H), 3.48 
(sextet, 1H), 1.62-1.57 (m, 4H), 1.37 (sextet, 2H), 0.91 (t, J = 12.0 Hz, 3H) ppm. 
 
(2-(phenoxymethyl)phenyl)(3,4,5-trimethoxyphenyl)methanol (7b). 
1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.0 Hz, 1H), 7.43-7.28 (m, 5H),6.97 (t, J = 7.2 Hz, 
1H), 6.88 (d, J = 8.0 Hz, 2H), 6.52 (s, 2H), 6.04 (s, 1H),  4.95 (doublet of doublets, 2H), 3.82 (s, 
3H), 3.68 (s, 6H), 2.91 (s, 1H) ppm. 
 
















tert-butyl 4-(2-hydroxyethyl)piperidine-1-carboxylate (9). 
1H NMR (400 MHz, CDCl3): δ 5.18 (bs, 1H), 3.90 (m, 2H), 3.50 (t, J = 5.6 Hz, 2H), 3.16-3.15 
(m, 1H), 2.54 (m, 2H), 1.54-1.46 (m, 3H), 1.38-1.34 (m, 3H), 1.31 (s, 9H), 1.00-0.94 (m, 2H) 
ppm. 
 
tert-butyl 4-(2-(tosyloxy)ethyl)piperidine-1-carboxylate (10). 
1H NMR (400 MHz, CDCl3): δ 7.71 (d, J = 8Hz, 2H), 7.28 (d, J = 8Hz, 2H), 4.05-3.98 (m, 4H), 
2.54 (m, 2H), 2.37 (s, 3H), 1.51-1.44 (m, 5H), 1.38 (s, 9H) 0.99-0.94 (m, 2H) ppm. 13C NMR 
(100 MHz, CDCl3): δ 170.9, 154.6, 144.8, 132.9, 129.8, 127.8, 79.2, 67.9, 60.2, 43.5, 35.1, 32.1, 
31.5, 28.3, 21.5, 20.9 ppm. 
 
tert-butyl 4-(2-((6-bromonaphthalen-2-yl)oxy)ethyl)piperidine-1-carboxylate (11f). 
1H NMR (400 MHz, CDCl3): δ 7.86 (s, 1H), 7.59 (d, J = 8Hz, 1H), 7.54 (d, J = 8Hz, 1H), 7.45 
(d, J = 8Hz, 1H), 7.12 (d, J = 8Hz, 1H), 7.04 (s, 1H), 4.07-4.04 (m, 4H), 2.0-2.67 (m, 2H), 1.78-
1.70 (m, 5H), 1.46 (s, 9H), 1.22-1.19 (m, 2H) ppm. . 13C NMR (100 MHz, CDCl3): δ 157.2, 

















1H NMR (400 MHz, CDCl3): δ 7.74 (s, 1H), 7.26 (d, J = 8Hz, 1H), 7.17 (d, J = 8Hz, 1H), 7.08 
(s, 1H), 6.44 (s, 1H), 5.99-5.91 (m, 1H), 5.19 (d, J = 8Hz, 1H), 5.04 (d, J = 16Hz, 1H), 4.69 (d, J 
= 8Hz, 2H) ppm. 13C NMR (100 MHz, CDCl3): δ 134.7, 133.0, 130.3, 129.0, 124.3, 123.4, 
117.5, 112.7, 111.0, 101.0, 49.0 ppm. 
 
(2,2-dimethyl-2H-chromen-6-yl)(3-methoxyphenyl)methanol (12a). 
Yield: 29%. 1H NMR (400 MHz, CDCl3): δ 7.249-7.229 (m, 1H), 7.093-7.068 (m, 1H), 6.971-
6.941 (m, 3H), 6.812-6.790 (m, 1H), 6.730-6.709 (d, J = 8.4 Hz, 1H), 6.286-6.261 (d, J = 10 Hz, 
1H), 5.722 (s, IH), 5.604-5.508 (s, J = 9.6 Hz, 1H), 3.795 (s, 3H), 2.127 (s, 1H), 1.411 (s, 6H) 
















Yield: 50%. 1H NMR (400 MHz, CDCl3): δ 6.94-6.82 (m, 4H), 6.61 (s, 1H), 6.298-6.26 (d, J = 
8Hz, 1H), 5.71 (s, 1H), 5.63-5.61 (d, J = 8Hz, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.84 (s, 3H), 1.48 
(s, 6H) ppm. 13C NMR (100 MHz, CDCl3): 149.0, 148.4, 148.2, 141.4, 136.5, 136.0, 131.0, 
122.4, 121.7, 118.9, 117.0, 110.9, 110.8, 109.8, 75.7, 60.4, 56.3, 55.9, 55.9, 27.9 ppm. HRMS 
(ESI) m/z calculated for C21H23O5 [(M + H)+] 355.1545, found 355.1543. 
 
(3,4-dimethoxyphenyl)(8-methoxy-2,2-dimethylchroman-6-yl)methanol (12c). 
Yield: 85%. 1H NMR (400 MHz, CDCl3): δ 6.811-6.791 (d, 1H), 6.741-6.718 (d, 2H), 6.298-
6.26 (d, J = 8Hz, 1H), 5.71 (s, 1H), 5.63-5.61 (d, J = 8Hz, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.84 
(s, 3H), 1.48 (s, 6H) ppm. 
 
(3,4-dimethoxyphenyl)(4-methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-7-yl)methanol (12d). 
1H NMR (400 MHz, CDCl3): δ 6.952 (s, 1H), 6.907-6.883 (d, J = 9.6 Hz, 1H), 6.844-6.806 (t, J 
= 15.2 Hz, 2H), 6.76 (s, 1H), 6.634-6.614 (d, J = 8 Hz, 1H), 5.673 (s, 1H), 4.287-4.266 (t, J = 8.4 



















1H NMR (400 MHz, CDCl3) δ 7.78 (s, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 
1H),7.40 (d, J = 8.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 7.10 (s, 1H), 6.64 (s, 2H), 5.89 (s, 1H), 
4.13 – 4.10 (m, 4H), 3.82 (s, 3H), 3.81 (s, 6H), 2.74 – 2.68 (t, J = 24.0 Hz, 2H), 2.03 (s, 1H), 
1.80 – 1.72 (m, 5H), 1.45 (s, 9H), 1.26 – 1.20 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 157.3, 
155.0, 1534, 130.6, 138.9, 134.2, 129.7, 128.8, 127.3, 125.4, 125.2, 119.4, 106.6, 103.8, 79.4, 
76.5, 65.6, 61.0, 56.3, 35.9, 33.2, 32.3, 28.6 ppm. 
 
(6-(benzyloxy)naphthalen-2-yl)(3,4-dimethoxyphenyl)methanol (12g). 
1H NMR (400 MHz, CDCl3) δ 7.77 (s, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 
7.47 (d, J = 8.0 Hz, 2H), 7.41 – 7.33 (m, 4H), 7.25 – 7.19 (m, 2H), 6.95 (s, 1H), 6.91 (d, J = 8.0 
Hz, 1H), 6.83 (d, J = 8.0 Hz, 1H), 5.91 (s, 1H), 5.16 (s, 2H), 3.86 (s, 1H), 3.84 (s, 1H), 2.30 (s, 
1H). 
13C NMR (101 MHz, CDCl3) δ 157.0, 149.2, 148.6, 139.2, 136.9, 136.6, 134.0, 129.7, 128.9, 















1H NMR (400 MHz, CDCl3) δ 7.79-7.74 (m, 2H), 7.68 (d, J = 8.4 Hz, 1H), 7.47 (d, J = 8.4 Hz, 
2H), 7.42-7.32 (m, 4H), 7.25-7.17 (m, 2H), 6.64 (s, 2H), 5.89 (d, J = 2.8 Hz, 1H), 5.17 (s, 2H), 






1H NMR (400 MHz, CDCl3): δ 7.38 (d, J = 8Hz, 1H), 6.79 (s, 1H), 6.61 (d, J = 8Hz, 1H), 3.91 (t, 
J = 12Hz, 2H), 2.36 (s, 3H), 1.75 (quintet, 2H),  
13C has bunch of extra peaks from impurity. Try to retake 
 



















Yield: 96%. 1H NMR (400 MHz, CDCl3): δ 7.32 (d, J = 8.4 Hz, 1H), 6.88 (s, 1H), 6.79 (s, 2H), 
6.75-6.69 (m, 2H), 5.89 (s, 1H), 3.93 (t, J = 6.4 Hz, 2H), 3.86 (s, 3H), 3.82 (s, 3H), 2.23 (s, 3H), 
2.20 (bs, 1H), 1.74 (quintet, J = 6.8 Hz, 2H), 1.46-1.41 (m, 2H), 1.35-1.33 (m, 4H), 0.9 (t, J = 
XX Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3) δ 158.5, 149.0, 148.4, 137.1, 136.2, 133.9, 





Yield: 23%. 1H NMR (400 MHz, CDCl3) δ 7.01 (d, J = 8.0 Hz, 1H), 6.63 (s, 2H), 6.47 (s, 1H), 
6.42 (d, J = 8.0 Hz, 1H), 5.96 (s, 1H), 4.12 – 3.97 (m, 4H), 3.86 (s, 3H), 3.84 (s, 3H), 3.82 (s, 


















1H NMR (400 MHz, CDCl3) δ 7.12 (d, J = 8.0 Hz, 1H), 6.46 (d, J = 8.0 Hz, 1H), 6.44 (s, 1H), 
4.45 (t, J = 16.0 Hz, 1H), 3.80 (s, 3H), 3.79 (s, 3H), 2.42 (d, J = 8.0 Hz, 1H), 2.07 – 2.03 (m, 
1H), 1.77 – 1.63 (m, 5H), 1.34 – 1.31 (m, 1H), 1.22 – 1.02 (m, 3H), 0.94 – 0.90 (m, 1H) ppm. 
13C NMR (101 MHz, CDCl3) δ 159.9, 157.9, 128.9, 124.1, 104.1, 98.7, 75.9, 55.4, 55.3, 44.1, 
33.2, 29.8, 29.3, 26.6, 26.3, 26.1 ppm. 
 
tert-butyl 4-((3-(3,4-dimethoxybenzoyl)benzyl)oxy)piperidine-1-carboxylate (16). 
1H NMR (400 MHz, CDCl3): δ 7.739 (s, 1H), 7.665-7.646 (d, J = 7.6 Hz, 1H), 7.579-7.561 (d, J 
= 7.2 Hz, 1H), 7.494 (s, 1H), 7.473-7.435 (t, J = 15.2 Hz, 1H), 7.385-7.364 (d, J = 8.4 Hz, 1H), 
6.901-6.880 (d, J = 8.4 Hz, 1H), 4.615 (s, 2H), 3.965 (s, 3H), 3.942 (s, 3H), 3.781-3.767 (m, 2H), 
3.594 (m, 1H), 3.133-3.084 (m, 2H), 1.863 (m, 2H), 1.599 (m, 2H), 1.455 (s, 9H) ppm. 13C NMR 
(100 MHz, CDCl3): 195.47, 154.84, 153.10, 149.04, 139.07, 138.46, 130.88, 130.18, 128.99, 
















bis(4-methoxyphenyl)methanone oxime (18) 
 
4-methoxy-N-(4-methoxyphenyl)benzamide (19) 
1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 8.0 Hz, 2H), 7.63 (s, 1H), 7.52 (d, J = 8.0 Hz, 2H), 
6.97 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 3.87 (s, 3H), 3.81 (s, 3H) ppm. 13C NMR (100 
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Appendix A: Supporting information for compounds from Chapter 2 
4.5.6 Appendix A.1: Structural characterization 
N-((2,2-Dimethylchroman-6-yl)methyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3a) 
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Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
13307 formula(e) evaluated with 42 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     
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Minimum:                                    -1.5 
Maximum:                   5.0      5.0      50.0 
Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      Formula 
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Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
14388 formula(e) evaluated with 47 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     
Minimum:                                      -1.5 
Maximum:                   5.0       5.0      50.0 
Mass       Calc. Mass     mDa       PPM      DBE      i-FIT      Formula 





100%MeOH+0.1%HCOOH 16:57:34  07-Feb-2012
m/z
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Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
6479 formula(e) evaluated with 30 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-50    H: 1-100    N: 1-15    O: 1-30    S: 1-6    Br: 1-5     
 
Minimum:                                     -1.5 
Maximum:                   5.0       5.0      50.0 
Mass       Calc. Mass     mDa       PPM      DBE      i-FIT      Formula 
544.0790 544.0793       -0.3      -0.6     13.5     n/a    C26  H27  N  O5  S  Br   
50%ACN+0.1%HCOOH 16:51:36  27-Jan-2012
m/z











50%ACN+0.1%HCOOH 16:51:36  27-Jan-2012
m/z
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Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 20.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
5227 formula(e) evaluated with 71 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 0-50     
Minimum:                                       -1.5 
Maximum:                    5.0       20.0     50.0 
Mass       Calc. Mass     mDa       PPM      DBE      i-FIT       Formula 
466.1694 466.1688       0.6       1.3      13.5      2.4        C26  H28  N  O5  S  
 
  
100%MeOH 11:28:10  23-May-2012
m/z
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PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.29
Date_          20120204
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME         SB−III−64b
Current Data Parameters
SB−III−64b






































































PC                 1.00
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  181
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  838
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              21.52
Date_          20120209
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
10028 formula(e) evaluated with 46 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    S: 1-6    Na: 0-3     
 
Minimum:                                        -1.5 
Maximum:                    5.0       5.0       50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT  Formula 
450.0991 450.0987        0.4       0.9       12.5     2.1        C22  H21  N  O6  S  Na  
 
  
100%MeOH+0.1%HCOOH 14:50:25  10-Feb-2012
m/z



















































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                299.0 K
DE                 6.50 usec
DW               60.800 usec
RG                  203
AQ            3.9845889 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.35
Date_          20120614
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME     SB−II−155−HPLC
Current Data Parameters
SB−II−155−HPLC
































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6238353 MHz
PLW1        62.00000000 W
P2                18.00 usec
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D20          0.00689655 sec
D1           2.00000000 sec
CNST11        1.0000000
CNST2       145.0000000
TE                300.7 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                10404
SOLVENT           CDCl3
TD                65536
PULPROG            jmod
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.20
Date_          20120616
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3



















Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
8255 formula(e) evaluated with 34 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     
Minimum:                                      -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT      Formula 
426.1104  426.1124        -2.0     -4.7     13.5     122.1      C21  H20  N3  O5  S 
 
  
100%MeOH+0.1%HCOOH 15:59:33  07-Feb-2012
m/z


















































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                299.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  203
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.45
Date_          20120517
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME         SB−IV−43c2
Current Data Parameters
SB−IV−43c2



























































































PC                 1.20
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.8 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                 8975
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              23.04
Date_          20120522
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 5










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
9185 formula(e) evaluated with 36 results within limits (all results (up to 1000) for each 
mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    Na: 0-1    S: 0-50     
Minimum:                                      -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT      Formula 
458.1409  458.1402        0.7      1.5      13.5     876.2   C25  H25  N  O4  Na  S 
 
  
100%MeOH+0.1%HCOOH 17:02:08  29-May-2012
m/z














100%MeOH+0.1%HCOOH 17:02:08  29-May-2012
m/z























   













































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                297.8 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.17
Date_          20120719
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
29508 formula(e) evaluated with 118 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    F: 1-6    S: 1-50    Na: 1-2     
 
Minimum:                                      -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT       Formula 
512.1106    512.1119        -1.3     -2.5     13.5     16.4        C25  H22  N  O4  F3  S  Na  
 
  
100%MeOH+0.1%HCOOH 13:53:44  31-Aug-2012
m/z
























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               62.400 usec
RG                  128
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.36
Date_          20120830
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            ZD−I−38
Current Data Parameters
ZD−I−38





























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.8 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   42
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.40
Date_          20120830
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
18747 formula(e) evaluated with 66 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    F: 1-6    S: 1-50    Na: 1-2     
 
Minimum:                                      -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT       Formula 















100%MeOH+0.1%HCOOH 13:45:26  31-Aug-2012
m/z























Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 200.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
1819 formula(e) evaluated with 15 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 5-80    H: 5-80    N: 1-10    O: 1-15      S: 1-2    Na: 0-1     
 
Minimum:                                       -1.5 
Maximum:                    800      5.0       200.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT       Formula 






































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                297.2 K
DE                 6.50 usec
DW               60.800 usec
RG                 71.8
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.03
Date_          20120605
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−84a
Current Data Parameters
SB−IV−84a























































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                297.5 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   30
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.06
Date_          20120605
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2













Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
 
Monoisotopic Mass, Even Electron Ions 
10789 formula(e) evaluated with 35 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     
Minimum:                                        -1.5 
Maximum:                    5.0       5.0       50.0 
Mass        Calc. Mass      mDa       PPM       DBE       Formula 
460.1537  460.1559        -2.2      -4.8      12.5      C25  H27  N  O4  Na  S  
 
  
100%MeOH+0.1%HCOOH 09:16:24  08-Feb-2012
m/z




































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               60.800 usec
RG                  128
AQ            3.9845889 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                    9
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.00
Date_          20120622
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME     SB−IV−63b−HPLC−B
Current Data Parameters
SB−IV−63b−HPLC−B












































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.6 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   42
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.03
Date_          20120622
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
3521 formula(e) evaluated with 16 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    Na: 1-1    S: 1-50     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT      
 Formula 
466.1678    466.1664        1.4       3.0      10.5      3.2      C24  H29  N  O5  Na  S  
 
  
in 100%MeOH+0.1%HCOOH 12:37:07  26-Jun-2012
m/z











































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.10
Date_          20130404
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            SB−I−94
Current Data Parameters
SB−I−94




























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  212
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.16
Date_          20130404
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
10169 formula(e) evaluated with 25 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6    Br: 1-5     
 
Minimum:                                      -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT       Formula 
484.0561   484.0558        0.3      0.6      10.5     16.2      C22  H24  N  O3  Na  S  Br  
  
100%MeOH+0.1%HCOOH 15:51:35  07-Feb-2012
m/z






























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                299.5 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   32
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.30
Date_          20120727
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            ZD1−34C
Current Data Parameters
ZD1−34C
































































PC                 1.20
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                299.9 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  366
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.25
Date_          20120727
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
24118 formula(e) evaluated with 80 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    F: 1-6    S: 1-50    Na: 1-2     
 
Minimum:                                      -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT       Formula 
490.1278  490.1276        0.2      0.4      10.5     1.0        C23  H24  N  O4  F3  S  Na  
  
100%MeOH+0.1%HCOOH 13:49:58  31-Aug-2012
m/z





















































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                299.4 K
DE                 6.50 usec
DW               62.400 usec
RG                   64
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   35
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.42
Date_          20120727
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            ZD1−35C
Current Data Parameters
ZD1−35C



































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                300.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   36
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.48
Date_          20120727
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
4305 formula(e) evaluated with 20 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 1-50    Na: 1-2     
 
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
425.1529  425.1511        1.8       4.2      9.5       1.4    C21  H26  N2  O4  S  Na  
  
100%MeOH+0.1%HCOOH 13:36:08  31-Aug-2012
m/z





























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                294.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.02
Date_          20130118
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            ZD−I−39
Current Data Parameters
ZD−I−39









































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                294.7 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  113
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.05
Date_          20130118
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
14806 formula(e) evaluated with 47 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    F: 1-6    S: 1-50    Na: 1-2     
 
Minimum:                                      -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT       Formula 
442.1255    442.1264        -0.9     -2.0     10.5     0.7       C22  H23  N  O3  F2  S  Na  
  
100%MeOH+0.1%HCOOH 13:41:23  31-Aug-2012
m/z
































Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
4400 formula(e) evaluated with 19 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-60    S: 1-10     
Minimum:                                       -1.5 
Maximum:                    5.0         5.0              50.0 
Mass        Calc. Mass      mDa      PPM           DBE       i-FIT       Formula 
458.2005    458.1993        1.2         2.6              -1.5      418.8       C9  H32  N9  O10  S  
 
  
80% ACN 18:52:12  27-Mar-2013
m/z




























































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                293.8 K
DE                 6.50 usec
DW               62.400 usec
RG                 71.8
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    5
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.08
Date_          20130322
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           JH−I−83b
Current Data Parameters
JH−I−83b






































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                294.2 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   23
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.10
Date_          20130322
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2



















Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
4267 formula(e) evaluated with 12 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-60    Na: 1-1    S: 1-10    Br: 1-5     
 
Minimum:                                   -1.5 
Maximum:                    5.0          5.0        50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT      Formula 
512.0875    512.0876        -0.1        -0.2        3.5         275.6      C9  H24  N13  O4  Na  S  Br  
 
  
80% ACN 18:44:46  27-Mar-2013
m/z











































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                 40.3
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.23
Date_          20120521
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−70c
Current Data Parameters
SB−IV−70c
























































































PC                 2.00
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                298.9 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  102
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.30
Date_          20120521
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2











Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 20.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
5060 formula(e) evaluated with 66 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 0-50     
Minimum:                                       -1.5 
Maximum:                    5.0       20.0     50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 





100%MeOH+0.1%HCOOH 10:25:00  23-May-2012
m/z
































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                  101
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.38
Date_          20120531
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−76b
Current Data Parameters
SB−IV−76b









































































PC                 1.00
GB       0
LB                 5.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               20.800 usec
RG                  114
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  440
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.19
Date_          20120601
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2











Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
4033 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 1-50     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT      Formula 




100%MeOH+0.1%HCOOH 15:37:58  08-Jun-2012
m/z

























































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  128
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.36
Date_          20120601
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−79a
Current Data Parameters
SB−IV−79a
























































































PC                 1.20
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.4 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  711
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.53
Date_          20120601
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
3713 formula(e) evaluated with 7 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 1-50     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 




100%MeOH+0.1%HCOOH 15:34:36  08-Jun-2012
m/z




















Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
4422 formula(e) evaluated with 9 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     

















































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                 11.3
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.20
Date_          20110922
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−II−100
Current Data Parameters
SB−II−100?
100%MeOH+0.1%HCOOH 16:38:03  07-Feb-2012
m/z

















Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE     i-FIT       Formula 



































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  203
AQ            3.9845889 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.47
Date_          20111101
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−II−91R
Current Data Parameters
SB−II−91R





























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   56
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.53
Date_          20111101
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
7428 formula(e) evaluated with 25 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     
Minimum:                                       -1.5 
Maximum:                    5.0      5.0       50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT      Formula 
414.1355    414.1351        0.4      1.0       8.5      9.3        C20  H25  N  O5  Na  S  
 
  
100%MeOH+0.1%HCOOH 16:21:25  07-Feb-2012
m/z






































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  203
AQ            3.9845889 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.58
Date_          20111027
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2
NAME         SB−II−114R
Current Data Parameters
SB−II−114R
































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                298.4 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  102
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.49
Date_          20111027
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
6985 formula(e) evaluated with 22 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE     i-FIT       Formula 
407.1269    407.1277        -0.8      -2.0     9.5       15.9       C19  H23  N2  O6  S  
 
  
100%MeOH+0.1%HCOOH 16:34:04  07-Feb-2012
m/z

























































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                32768
F2 − Processing parameters
SFO1        400.1420007 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           2.00000000 sec
TE       0 K
DE                 6.50 usec
DW               96.200 usec
RG                 71.8
AQ            3.1523316 sec
FIDRES         0.158615 Hz
SWH            5197.505 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                32768
PULPROG              zg
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.36
Date_          20110726
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−II−79b
Current Data Parameters
SB−II−79b












































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE       0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  292
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.53
Date_          20110726
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2











Elemental Composition Report 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
9546 formula(e) evaluated with 32 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE       i-FIT      Formula 
444.1451  444.1457        -0.6      -1.4     8.5       8.7       C21  H27  N  O6  Na  S  
 
  
100%MeOH+0.1%HCOOH 15:39:25  07-Feb-2012
m/z


















































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                 50.8
AQ            3.9845889 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   22
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.04
Date_          20111113
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−III−7b
Current Data Parameters
SB−III−7c


























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  161
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   86
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.10
Date_          20111113
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
4999 formula(e) evaluated with 11 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE     i-FIT       Formula 
373.1184  373.1198        -1.4      -3.8     7.5       1.4    C17  H22  N2  O4  Na  S  
 
  
100%MeOH+0.1%HCOOH 17:02:13  07-Feb-2012
m/z



























































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                   64
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.53
Date_          20110921
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME         SB−II−113d
Current Data Parameters
SB−II−113d









































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                300.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   25
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.59
Date_          20110921
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
6985 formula(e) evaluated with 19 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3    S: 1-6     
Minimum:                                      -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT       Formula 
407.1258  407.1277        -1.9     -4.7     9.5      343.6      C19  H23  N2  O6  S  
  
100%MeOH+0.1%HCOOH 16:10:35  07-Feb-2012
m/z
















N-cyclobutyl-3,4-dimethoxy-N-(4-(morpholinomethyl)benzyl)benzenesulfonamide (6g)   
 
 











































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  203
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.43
Date_          20120430
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−44c
Current Data Parameters
SB−IV−44c
































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                300.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                10240
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              23.52
Date_          20120515
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3









Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
4674 formula(e) evaluated with 14 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-100    S: 0-6     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
461.2102  461.2110        -0.8      -1.7     9.5       5.9        C24  H33  N2  O5  S  
  
100%MeOH+0.1%HCOOH 12:30:52  17-May-2012
m/z




























































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                  128
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                    7
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.12
Date_          20120302
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        SB−III−117c
Current Data Parameters
SB−III−117c
































































PC                 1.00
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  118
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.13
Date_          20120302
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2











Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
2340 formula(e) evaluated with 10 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-20    S: 1-6     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass     mDa      PPM      DBE      i-FIT      Formula 
406.1315   406.1324        -0.9     2.2     9.5      11.6        C20  H24  N  O6  S  
 
  
100%MeOH+0.1%HCOOH 14:30:23  06-Mar-2012
m/z








100%MeOH+0.1%HCOOH 14:30:23  06-Mar-2012
m/z






















































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.5 K
DE                 6.50 usec
DW               60.800 usec
RG                 71.8
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.58
Date_          20120301
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        SB−III−110b
Current Data Parameters
SB−III−110b












































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.4 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   23
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.20
Date_          20120301
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
2301 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-20    S: 1-6     
Minimum:                                       -1.5 
Maximum:                    5.0      5.0       50.0 
Mass        Calc. Mass     mDa       PPM      DBE      i-FIT       Formula 
404.1547      404.1532       1.5       3.7      9.5       3.4        C21  H26  N  O5  S  
  
100%MeOH+0.1%HCOOH 14:11:55  06-Mar-2012
m/z

















































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               60.800 usec
RG                   18
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.52
Date_          20120301
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME         SB−III−109
Current Data Parameters
SB−III−109












































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.6 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   14
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.56
Date_          20120301
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.9 K
DE                 6.50 usec
DW               60.800 usec
RG                  144
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.10
Date_          20120517
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2
NAME          SB−IV−51c
Current Data Parameters
SB−IV−51c















































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                300.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  128
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  408
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.38
Date_          20120519
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 6











Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
4890 formula(e) evaluated with 10 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-100    S: 0-6    Br: 1-5     
 
Minimum:                                     -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT      Formula 
477.0852   477.0848        0.4      0.8      10.5     3.8    C22  H26  N2  O3  S  Br  
100%MeOH+HCOOH 13:16:13  11-May-2012
m/z








100%MeOH+HCOOH 13:16:13  11-May-2012
m/z



















































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                300.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  141
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.28
Date_          20120519
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 6










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 20.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
18673 formula(e) evaluated with 254 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 0-50    F: 1-6     
 
Minimum:                                -1.5 
Maximum:                    5.0      20.0     50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT      Formula 




100%MeOH+0.1%HCOOH 10:40:40  23-May-2012
m/z




















































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  128
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.36
Date_          20120601
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−79a
Current Data Parameters
SB−IV−79a
























































































PC                 1.20
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.4 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  711
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.53
Date_          20120601
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3











Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
3713 formula(e) evaluated with 7 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 1-50     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
447.1958 447.1954        0.4       0.9      9.5       5.4        C23  H31  N2  O5  S  
  
100%MeOH+0.1%HCOOH 15:34:36  08-Jun-2012
m/z






























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                   64
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              19.16
Date_          20120305
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        SB−III−119a
Current Data Parameters
SB−III−119a
































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                299.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   48
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              19.20
Date_          20120305
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
2613 formula(e) evaluated with 13 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-20    S: 1-6     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 




100%MeOH+0.1%HCOOH 14:39:34  06-Mar-2012
m/z






















































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               60.800 usec
RG                  181
AQ            3.9845889 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   17
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              22.30
Date_          20120619
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME      SB−IV−72−HPLC
Current Data Parameters
SB−IV−72−HPLC













































































































PC                 1.40
GB       0
LB       0 Hz
SSB      0
WDW                  no
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.9 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                10000
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               8.05
Date_          20120620
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2














Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
7830 formula(e) evaluated with 21 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 1-50     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT      
 Formula 
555.2151    555.2165        -1.4      -2.5     13.5      23.6       C29  H35  N2  O7  S  
 
  
in 100%MeOH+0.1%HCOOH 12:18:29  26-Jun-2012
m/z













SARAH_SB-IV-72-HPLC_BWANG-ACCU_06-26-2012_ESI-POS03 70 (1.304) AM (Cen,4, 80.00, Ar,5000.0,609.28,0.70); Cm (53:71)
3.01e4555.2151
515.2535 539.2903












































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                 28.5
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.26
Date_          20120509
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           SB−IV−53
Current Data Parameters
SB−IV−53























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   20
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.28
Date_          20120509
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2







Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
293 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-100     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM     DBE      i-FIT       Formula 




100%MeOH+HCOOH 13:24:05  11-May-2012
m/z

















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                  128
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                    2
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.17
Date_          20120130
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME               KC13
Current Data Parameters
KC13

















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   22
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.30
Date_          20120130
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2







Elemental Composition Report 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
485 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-30    Na: 0-3     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
228.1023    228.1025        -0.2      -0.9     8.5       6.2        C14  H14  N  O2 
 
  
100%MeOH+0.1%HCOOH 16:50:02  07-Feb-2012
m/z




SARAH_KC13_BWANG_02072012_POS_ACCUMASS566 86 (1.599) AM (Cen,4, 80.00, Ar,5000.0,556.28,0.70); Cm (76:87)
4.77e3228.1023
556.2771381.2076
















































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  203
AQ            3.9845889 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.08
Date_          20111031
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1

























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                 28.5
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.26
Date_          20120509
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           SB−IV−53
Current Data Parameters
SB−IV−53























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   20
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.28
Date_          20120509
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2







Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
293 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-100     
Minimum:                                        -1.5 
Maximum:                    5.0       5.0       50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT      Formula 







100%MeOH+HCOOH 13:24:05  11-May-2012
m/z




























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                   32
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.15
Date_          20120405
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           SB−IV−9a
Current Data Parameters
SB−IV−9a




















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.6 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   21
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.18
Date_          20120405
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
227 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-20     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 




100%MeOH+0.1%HCOOH 15:32:23  13-Apr-2012
m/z



































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               60.800 usec
RG                 40.3
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.54
Date_          20120517
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           SB−IV−68
Current Data Parameters
SB−IV−68





























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                298.9 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   35
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.56
Date_          20120517
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 20.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
271 formula(e) evaluated with 5 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100     
Minimum:                                      -1.5 
Maximum:                    5.0      20.0     50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT       Formula 
260.1657   260.1651        0.6      2.3      6.5      52.6        C16  H22  N  O2  
 
 
100%MeOH+0.1%HCOOH 10:51:20  23-May-2012
m/z
























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  114
AQ            3.9845889 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.35
Date_          20111104
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−III−3f
Current Data Parameters
SB−III−3b/c


































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  161
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  408
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.58
Date_          20111105
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                 25.4
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.37
Date_          20120425
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−39a
Current Data Parameters
SB−IV−39a























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   26
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.40
Date_          20120425
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2







Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
284 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-100     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT      Formula 




in 100%MeOH+0.1%HCOOH 17:49:34  26-Apr-2012
m/z




























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                   57
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              20.28
Date_          20120301
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2
NAME         SB−III−116
Current Data Parameters
SB−III−116




















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   33
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              20.31
Date_          20120301
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3







Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
Monoisotopic Mass, Even Electron Ions 
145 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-20     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
206.1181    206.1181        0.0       0.0      5.5       1.9        C12  H16  N  O2 
 
  
100%MeOH+0.1%HCOOH 16:35:25  02-Mar-2012
m/z









N-((2,3-Dihydrobenzofuran-5-yl)methyl)cyclobutanamine (9s)  
 
 














































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                   57
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              20.28
Date_          20120301
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2
NAME         SB−III−116
Current Data Parameters
SB−III−116




















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   33
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              20.31
Date_          20120301
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3







Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
Monoisotopic Mass, Even Electron Ions 
143 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-20     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 




100%MeOH+0.1%HCOOH 15:50:19  29-Feb-2012
m/z

























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                295.2 K
DE                 6.50 usec
DW               60.800 usec
RG                 22.6
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.44
Date_          20120228
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME         SB−III−106
Current Data Parameters
SB−III−106























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                295.6 K
DE                 6.50 usec
DW               20.800 usec
RG                  114
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.47
Date_          20120228
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
238 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-20     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
245.1651    245.1654        -0.3      -1.2     6.5       24.4       C15  H21  N2  O 
  
100%MeOH 15:40:49  29-Feb-2012
m/z





































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                299.1 K
DE                 6.50 usec
DW               60.800 usec
RG                   57
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.22
Date_          20120517
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−56c
Current Data Parameters
SB−IV−56c












































































PC                 0.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
TD0                   1
DELTA        1.89999998 sec
d11          0.03000000 sec
D1           2.00000000 sec
TE                299.9 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  100
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.27
Date_          20120517
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 20.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
2194 formula(e) evaluated with 15 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 0-50     
Minimum:                                       -1.5 
Maximum:                    5.0       20.0     50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
355.2025  355.2022        0.3       0.8      9.5       126.5      C21  H27  N2  O3  
 
  
100%MeOH+0.1%HCOOH 10:33:36  23-May-2012
m/z













4.5.7 Appendix A.2: Docking results of selected analogs 
Table S1. Docking results of selected 2 analogs  




3a 0.98 -7.5 
4a 1.0 -7.4 
6a 3.2 -7.4 
3b 3.3 -7.4 
3b 3.3 -7.1 
3c 3.2 -7.0 
3d 3.11 -7.0 
7c 4.0 -6.9 
3e 1.8 -6.7 
5k 4.0 -6.7 
5a 0.75 -6.6 
7a 1.8 -6.6 
7d 0.25 -6.5 
2 0.28 -6.5 
5b 8.0 -6.4 
7e 1.2 -6.2 
7b 2.5 -6.2 
5m 0.39 -6.0 
[a] IC50 values are in micromolar (µM), [b] binding affinity values are in kcal/mol. 
  
225 
4.5.8 Appendix A.3: Molecular Docking Images 














































S10. Docking Image of p300 with 5a 
 
 













































Appendix B: Supporting information of compounds from Chapter 3 
4.5.9 Appendix B.1: Structural characterization of compounds 2a-13b 
3,4-Dimethoxy-N-(4-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (2a)  
 
 






















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  181
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.25
Date_          20120522
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−54d
Current Data Parameters
SB−IV−54d






































































PC                 1.20
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.7 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  501
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.29
Date_          20120522
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 20.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
6053 formula(e) evaluated with 64 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    S: 0-50     
Minimum:                                       -1.5 
Maximum:                    5.0       20.0     50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
483.1956    483.1954        0.2       0.4      12.5      12.4       C26  H31  N2  O5  S  
 
  
100%MeOH 11:09:27  23-May-2012
m/z

















3,4-Dimethoxy-N-(3-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (2b)  
 
 































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400084 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.00
Date_          20170109
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME      JNH−IV−75rm1H
Current Data Parameters
JNH−IV−75rmf



























































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152753 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29376000 W
PLW12        0.36267000 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.25 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  106
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.07
Date_          20170109
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1













JILISA_IV_75_ESIPOS_BWANG_041317 #83 RT: 1.17 AV: 1 NL: 8.38E6
T: FTMS + p ESI Full ms [50.00-1000.00]












































3,4-Dimethoxy-N-(2-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (2c)  
 
 





















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400087 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                300.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.39
Date_          20160309
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME       JNH−V−20b rc
Current Data Parameters
JNH−V−20b rc































































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152753 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29376000 W
PLW12        0.36267000 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.25 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  102
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.19
Date_          20170109
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2














JILISA_20_ESIPOS_BWANG_041317 #129 RT: 1.82 AV: 1 NL: 6.68E6
T: FTMS + p ESI Full ms [50.00-1000.00]






































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   12
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.43
Date_          20130220
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−V−88r1
Current Data Parameters
SB−V−88r1
































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   30
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.19
Date_          20130219
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2












Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
2331 formula(e) evaluated with 5 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-6    O: 1-30    S: 1-10     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT      Formula 




MeOH 15:07:31  26-Feb-2013
m/z




























































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                  203
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.43
Date_          20120430
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−44c
Current Data Parameters
SB−IV−44c
































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                300.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                10240
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              23.52
Date_          20120515
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3









Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
4674 formula(e) evaluated with 14 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-100    S: 0-6     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
461.2102  461.2110        -0.8      -1.7     9.5       5.9        C24  H33  N2  O5  S  
 
  
100%MeOH+0.1%HCOOH 12:30:52  17-May-2012
m/z


























































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                293.7 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              20.47
Date_          20130312
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           SB−V−92f
Current Data Parameters
SB−V−92f









































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                294.4 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   30
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              20.51
Date_          20130312
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2











Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
4668 formula(e) evaluated with 10 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-60    S: 1-10     
Minimum:                                      -1.5 
Maximum:                    5.0      5.0      50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT       Formula 
461.2112    461.2110        0.2      0.4      9.5      243.0     C24  H33  N2  O5  S  
  
80%MeOH 13:51:56  15-Mar-2013
m/z





















































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                293.9 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              21.14
Date_          20130311
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−V−91cR
Current Data Parameters
SB−V−91cR









































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                294.5 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  191
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              21.18
Date_          20130311
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2











Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
4668 formula(e) evaluated with 21 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-60    S: 1-10     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
461.2095   461.2110        -1.5      -3.3     9.5       11.1       C24  H33  N2  O5  S  
  
diluted  in 50%ACN 16:22:35  25-Mar-2013
m/z
































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  161
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   12
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.36
Date_          20130220
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3
NAME           SB−V−82d
Current Data Parameters
SB−V−82d














































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   46
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.26
Date_          20130219
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
1658 formula(e) evaluated with 7 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-6    O: 1-30    S: 1-10     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
415.1695    415.1692        0.3       0.7      10.5      1.3        C22  H27  N2  O4  S  
 
  
MeOH 14:59:03  26-Feb-2013
m/z




































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400094 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 90.5
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.22
Date_          20130721
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME         JNH−I−151a
Current Data Parameters
JNH−I−151a





































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152701 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29376000 W
PLW12        0.36267000 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.25 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   84
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.57
Date_          20170109
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2












JILISA_I_151a_ESIPOS_BWANG_041317 #107-119 RT: 1.52-1.68 AV: 13 NL: 3.73E6
T: FTMS + p ESI Full ms [50.00-1000.00]




















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                299.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 50.8
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    6
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.24
Date_          20120726
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−110
Current Data Parameters
SB−IV−110































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                299.4 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   27
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.26
Date_          20120726
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
Monoisotopic Mass, Even Electron Ions 
106 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-20    Br: 1-5     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
256.0333    256.0337        -0.4      -1.6     4.5       1.6        C11  H15  N  O  Br 
  
100%MeOH+0.1%HCOOH 13:20:16  21-Feb-2012
m/z




SARAH_SB-III-91B_BWANG-ACCU_02-21-2012_POS 100 (1.861) AM (Cen,4, 80.00, Ar,5000.0,556.28,0.70); Cm (98:117)
1.56e4256.0333
170.9654 409.1634
100%MeOH+0.1%HCOOH 13:20:16  21-Feb-2012
m/z



































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                292.5 K
DE                 6.50 usec
DW               62.400 usec
RG                 11.3
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.53
Date_          20130213
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            ZD−I−77
Current Data Parameters
ZD−I−77











































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                293.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.55
Date_          20130213
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
106 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-20    O: 1-30    Br: 1-5     
 
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
256.0348    256.0337        1.1       4.3      4.5       0.7        C11  H15  N  O  Br 
 
  
90%ACN+0.1%HCOOH 16:27:04  31-Oct-2012
m/z









90%ACN+0.1%HCOOH 16:27:04  31-Oct-2012
m/z

















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                292.6 K
DE                 6.50 usec
DW               62.400 usec
RG                 11.3
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    9
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.57
Date_          20130213
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            ZD−I−78
Current Data Parameters
ZD−I−78





































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                293.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.58
Date_          20130213
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
106 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-15    O: 1-100    Br: 1-5     
 
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
256.0348    256.0337        1.1       4.3      4.5       0.5        C11  H15  N  O  Br 
 
  
100%MeOH 18:26:34  10-Aug-2012
m/z



























































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                 20.2
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.49
Date_          20120420
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           SB−IV−30
Current Data Parameters
SB−IV−30











































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.4 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   29
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.51
Date_          20120420
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
Monoisotopic Mass, Even Electron Ions 
181 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-35    80Se: 0-1     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT      Formula 
206.1182    206.1181        0.1       0.5      5.5       5.0        C12  H16  N  O2 
 
  
in 100%MeOH+0.1%HCOOH 16:01:58  24-Apr-2012
m/z












3-(Morpholinomethyl)benzaldehyde (8b)  
 
 





















































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   18
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   12
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.32
Date_          20130216
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           SB−V−80b
Current Data Parameters
SB−V−80b











































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                    5
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.34
Date_          20130216
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
105 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-6    O: 1-30     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT  Formula 
206.1183    206.1181        0.2       1.0      5.5       8.5       C12  H16  N  O2 
  
MeOH 14:10:36  26-Feb-2013
m/z




SARAH_SB-V-80_BWANG-ACCU_02-26-2013_ESI-POS01 142 (2.830) AM (Cen,2, 80.00, Ar,5000.0,556.28,0.70); Sm (SG, 3x3.00); Cm (134:145)
9.01e3238.1454
378.2615
MeOH 14:10:36  26-Feb-2013
m/z










2-(Morpholinomethyl)benzaldehyde (8c)  
 
 

























































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   36
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.38
Date_          20121120
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−V−17c1
Current Data Parameters
SB−V−17c1














































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   11
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.42
Date_          20121120
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3









Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
145 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-200    H: 1-200    N: 1-20    O: 1-30     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 





90%MeOH+0.1%HCOOH 15:48:53  05-Dec-2012
m/z













90%MeOH+0.1%HCOOH 15:48:53  05-Dec-2012
m/z


























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                 40.3
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                    7
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.04
Date_          20120426
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−37a
Current Data Parameters
SB−IV−37a




















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   22
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.06
Date_          20120426
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2







Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
363 formula(e) evaluated with 2 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-60     
Minimum:                                  -1.5 
Maximum:                    5.0         5.0         50.0 
Mass        Calc. Mass      mDa      PPM      DBE       i-FIT       Formula 
283.1805    283.1810        -0.5       -1.8        8.5       12.4        C18  H23  N2  O  
            283.1815        -1.0       -3.5        1.5       741.3       C3  H19  N14  O2 
 
  
in 90%MeOH 17:58:03  05-Mar-2013
m/z




























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                294.2 K
DE                 6.50 usec
DW               62.400 usec
RG                  101
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    6
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.06
Date_          20130319
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 3
NAME          SB−V−107d
Current Data Parameters
SB−V−107d




















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                294.8 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   30
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.08
Date_          20130319
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 4








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
363 formula(e) evaluated with 3 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-60     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
283.1809    283.1810        -0.1      -0.4     8.5       1.7        C18  H23  N2  O  
  
80%MeOH 14:18:33  15-Mar-2013
m/z
















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                293.4 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.10
Date_          20130305
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME       SB−V−93b−dry
Current Data Parameters
SB−V−93b−dry




















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                293.9 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   22
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.12
Date_          20130305
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
363 formula(e) evaluated with 2 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-60     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT      Formula 





in 90%MeOH 17:58:03  05-Mar-2013
m/z


























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                294.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 40.3
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   15
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.53
Date_          20130212
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           ZD−I−75c
Current Data Parameters
ZD−I−75c











































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                294.5 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   24
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.55
Date_          20130212
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Odd and Even Electron Ions 
313 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-30     
Minimum:                                        -1.5 
Maximum:                    5.0       5.0       50.0 
Mass        Calc. Mass      mDa       PPM       DBE      i-FIT      Formula 





diluted in MeOH+0.1%HCOOH 17:08:59  12-Feb-2013
m/z




SARAH_ZD-1-75C_BWANG-ACCU_02-12-2013_ESI-POS01 126 (2.508) AM (Cen,2, 80.00, Ar,5000.0,556.28,0.70); Sm (SG, 3x3.00); Cm (125:139)
5.93e3269.1659
556.2771307.1261 397.2198 444.2669
diluted in MeOH+0.1%HCOOH 17:08:59  12-Feb-2013
m/z
















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                 25.4
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.37
Date_          20120425
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          SB−IV−39a
Current Data Parameters
SB−IV−39a























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   26
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.40
Date_          20120425
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2







Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
284 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-100     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT      Formula 




in 100%MeOH+0.1%HCOOH 17:49:34  26-Apr-2012
m/z


































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               62.400 usec
RG                 28.5
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.24
Date_          20130221
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            SB−V−90
Current Data Parameters
SB−V−90
























































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   25
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.27
Date_          20130221
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
286 formula(e) evaluated with 2 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-60     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
261.1963    261.1967        -0.4      -1.5     5.5       2.5        C16  H25  N2  O  
  
in 90%MeOH 17:37:00  05-Mar-2013
m/z


















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                297.9 K
DE                 6.50 usec
DW               62.400 usec
RG                   16
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    9
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.29
Date_          20130221
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            SB−V−91
Current Data Parameters
SB−V−91




































































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.4 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   21
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.31
Date_          20130221
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
286 formula(e) evaluated with 2 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-30    O: 1-60     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 





in 90%MeOH 18:08:53  05-Mar-2013
m/z











N-(4-Morpholinobenzyl)cyclobutanamine (10d)  
 
Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
153 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-6    O: 1-30     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
247.1819    247.1810        0.9       3.6      5.5       70.6       C15  H23  N2  O 
 
  
MeOH 14:20:04  26-Feb-2013
m/z





































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                293.8 K
DE                 6.50 usec
DW               62.400 usec
RG                 50.8
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.45
Date_          20130118
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1



























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   18
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   10
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.50
Date_          20130216
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            SB−V−84
Current Data Parameters
SB−V−84
























































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.5 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   15
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.53
Date_          20130216
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
234 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-6    O: 1-30     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT      Formula 
303.2063    303.2073        -1.0      -3.3     6.5      22.6       C18  H27  N2  O2  
MeOH 14:26:13  26-Feb-2013
m/z




SARAH_SB-V-84_BWANG-ACCU_02-26-2013_ESI-POS01 58 (1.156) AM (Cen,2, 80.00, Ar,5000.0,556.28,0.70); Cm (56:70)
2.05e4303.2063
173.0970
MeOH 14:26:13  26-Feb-2013
m/z
















































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                297.7 K
DE                 6.50 usec
DW               62.400 usec
RG                   18
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   12
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.55
Date_          20130216
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME            SB−V−85
Current Data Parameters
SB−V−85





















































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.6 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   19
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.57
Date_          20130216
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
255 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass) 
Elements Used: 
C: 1-150    H: 1-150    N: 1-6    O: 1-30     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 
317.2237    317.2229        0.8       2.5      6.5       3.5        C19  H29  N2  O2 
 
  
MeOH 14:37:29  26-Feb-2013
m/z






























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.2 K
DE                 6.50 usec
DW               60.800 usec
RG                 28.5
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.26
Date_          20120509
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           SB−IV−53
Current Data Parameters
SB−IV−53























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   20
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.28
Date_          20120509
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2







Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
293 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-100     
Minimum:                                        -1.5 
Maximum:                    5.0       5.0       50.0 
Mass        Calc. Mass      mDa      PPM      DBE      i-FIT      Formula 







100%MeOH+HCOOH 13:24:05  11-May-2012
m/z




























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
SFO1        400.1424710 MHz
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
======== CHANNEL f1 ========
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               60.800 usec
RG                   32
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.15
Date_          20120405
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           SB−IV−9a
Current Data Parameters
SB−IV−9a




















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
SFO2        400.1416006 MHz
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========
SFO1        100.6253441 MHz
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
======== CHANNEL f1 ========
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.6 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   21
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.18
Date_          20120405
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








Elemental Composition Report 
 
Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -1.5, max = 50.0 
Element prediction: Off  
Number of isotope peaks used for i-FIT = 3 
 
Monoisotopic Mass, Even Electron Ions 
227 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass) 
Elements Used: 
C: 1-100    H: 1-100    N: 1-15    O: 1-20     
Minimum:                                       -1.5 
Maximum:                    5.0       5.0      50.0 
Mass        Calc. Mass      mDa       PPM      DBE      i-FIT       Formula 





100%MeOH+0.1%HCOOH 15:32:23  13-Apr-2012
m/z

















































































4.6 Appendix C: Structural characterization of compounds from Chapter 4 
tert-butyl 4-((4-bromobenzyl)oxy)piperidine-1-carboxylate (2b) 
 
   



























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400071 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   64
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              19.09
Date_          20140113
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME         JNH−II−98b
Current Data Parameters
JNH−II−98b








































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   47
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              19.14
Date_          20140113
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400091 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    9
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.33
Date_          20130914
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1






1-bromo-4-(hexyloxy)benzene (2g).  
  
   











































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400091 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.42
Date_          20140707
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        JNH−III−54d
Current Data Parameters
JNH−III−54d








































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152724 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               20.800 usec
RG                 80.6
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   31
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.45
Date_          20140707
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2



















































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400220 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.38
Date_          20140610
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        JNH−III−32a
Current Data Parameters
JNH−III−32a


































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                 90.5
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   17
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.42
Date_          20140610
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 45.2
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.24
Date_          20131206
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME         JNH−II−86c
Current Data Parameters
JNH−II−86c




















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  114
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   31
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.29
Date_          20131206
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2

























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                297.9 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.55
Date_          20131107
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2
















































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 71.8
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.35
Date_          20131127
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1






































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400082 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.05
Date_          20130716
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400086 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               62.400 usec
RG                  128
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.19
Date_          20130923
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1





1-bromo-3-(hexyloxy)benzene (3f).  
 
 
               




























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400089 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.20
Date_          20140709
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        JNH−III−55a
Current Data Parameters
JNH−III−55a














































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   22
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.22
Date_          20140709
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2

































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400088 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 20.2
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.35
Date_          20160331
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          JNH−V−42b
Current Data Parameters
JNH−V−42b

















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152797 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29376000 W
PLW12        0.36267000 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   31
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.37
Date_          20160331
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400090 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                305.4 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.04
Date_          20130823
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1





































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400094 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.44
Date_          20130912
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400088 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 90.5
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.49
Date_          20131115
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1






























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400090 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.06
Date_          20131001
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1





























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400093 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.38
Date_          20160316
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1












































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  128
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.52
Date_          20160413
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME          JNH−V−31b
Current Data Parameters
JNH−V−31b























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152694 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29376000 W
PLW12        0.36267000 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  144
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  168
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               8.23
Date_          20160414
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2










carboxylate (5j).  
 
  
























































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 71.8
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.32
Date_          20140130
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME       JNH−II−100cb
Current Data Parameters
JNH−II−100cb


















































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                 80.6
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                  122
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.39
Date_          20140130
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2

































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400094 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                296.3 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.36
Date_          20130906
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1










(3-(ethoxymethyl)phenyl)(4-methoxyphenyl)methanol (6c).  
 
  




















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400088 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  161
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.56
Date_          20131115
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1

















































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    7
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.35
Date_          20131204
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1




























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400000 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               62.400 usec
RG                 45.2
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   13
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.44
Date_          20131204
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1













































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400090 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  161
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               9.44
Date_          20160414
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1





























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400091 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.25
Date_          20160415
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1





























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400074 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                    9
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.52
Date_          20131219
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1





























































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400091 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   18
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.54
Date_          20140124
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        JNH−II−102c
Current Data Parameters
JNH−II−102c





























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   28
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.58
Date_          20140124
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2








































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400092 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 20.2
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    9
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.09
Date_          20160111
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME           JNH−V−8b
Current Data Parameters
JNH−V−8b

















































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152826 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29376000 W
PLW12        0.36267000 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   45
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.14
Date_          20160111
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400156 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                294.9 K
DE                 6.50 usec
DW               62.400 usec
RG                  114
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.46
Date_          20141202
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME       JNH−III−136b
Current Data Parameters
JNH−III−136b











































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152830 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29376000 W
PLW12        0.36267000 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.6 K
DE                 6.50 usec
DW               20.800 usec
RG                  161
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   24
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.49
Date_          20141202
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2









































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400089 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.25
Date_          20130805
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
















































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400091 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                297.9 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.41
Date_          20130923
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1

























































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400087 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  181
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.21
Date_          20160425
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1















































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400131 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  144
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.38
Date_          20160106
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        JNH−IV−150c
Current Data Parameters
JNH−IV−150c


















































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152709 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29376000 W
PLW12        0.36267000 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  203
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   40
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.42
Date_          20160106
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2

























































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400177 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   64
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.46
Date_          20141215
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME       JNH−III−138d
Current Data Parameters
JNH−III−138d


















































































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152782 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29376000 W
PLW12        0.36267000 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  181
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   36
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.50
Date_          20141215
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2

























































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400087 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    9
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.26
Date_          20140709
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1



















































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400060 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.55 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 80.6
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.05
Date_          20150425
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1












































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400074 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  144
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.06
Date_          20140908
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        JNH−III−99c
Current Data Parameters
JNH−III−99c























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152694 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  161
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   92
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              11.11
Date_          20140908
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2







































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400021 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.37
Date_          20140911
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME       JNH−III−100b
Current Data Parameters
JNH−III−100b




















































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152753 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                297.9 K
DE                 6.50 usec
DW               20.800 usec
RG                  114
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   53
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              13.43
Date_          20140911
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2












































































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400089 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                 50.8
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              19.14
Date_          20140908
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME       JNH−III−101c
Current Data Parameters
JNH−III−101c


























































PC                 1.40
GB       0
LB                 1.00 Hz
SSB      0
WDW                  EM
SF          100.6152724 MHz
SI                32768
F2 − Processing parameters
PLW13        0.29159999 W
PLW12        0.36000001 W
PLW2        16.00000000 W
PCPD2             90.00 usec
CPDPRG[2        waltz16
NUC2                 1H
SFO2        400.1416006 MHz
======== CHANNEL f2 ========
PLW1        62.00000000 W
P1                 9.00 usec
NUC1                13C
SFO1        100.6253441 MHz
======== CHANNEL f1 ========
TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  161
AQ            1.3631488 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    4
NS                   26
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              19.18
Date_          20140908
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 2






























































































































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400083 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.52
Date_          20140908
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1













































































PC                 1.00
GB       0
LB                 0.30 Hz
SSB      0
WDW                  EM
SF          400.1400091 MHz
SI                65536
F2 − Processing parameters
PLW1        16.00000000 W
P1                13.50 usec
NUC1                 1H
SFO1        400.1424710 MHz
======== CHANNEL f1 ========
TD0                   1
D1           1.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               62.400 usec
RG                  203
AQ            4.0894465 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              10.17
Date_          20140304
F2 − Acquisition Parameters
PROCNO                1
EXPNO                 1
NAME        JNH−II−131c
Current Data Parameters
JNH−II−131c
